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Preface and Acknowledgments

Human spaceflight is the driver for most activities that the

National Aeronautics and Space Administration (NASA) under-

takes. While NASA certainly has a rich aviation research heritage

and has also done pathbreaking scientific and applications work

using robotic spacecraft, human spaceflight is a difficult and

expensive endeavor that engenders great popular enthusiasm and

support for NASA. Much of this public interest stems from pushing

boundaries of adventure, by exploring the unique and challenging

physical environment of space. Humans can also perform tasks

in space that machines cannot. We can think, analyze, and make

judgment calls based on experience and intuition in real time.

In little more than forty years, we have gone from thinking,

planning, and hoping that humans will enter space to having

rotating crews of astronauts and cosmonauts permanently living

aboard an International Space Station (ISS). We have moved

from the Cold War, which set the historical context for super-

power competition in space during the 1960s, to joint ISS missions

involving over a dozen cooperating nations.

Not only have humans proved that it is possible to survive

in the harsh physical environment of space, but astronauts and

cosmonauts have conducted important scientific and engineering

feats in space. We've discovered that microgravity is a unique labo-

ratory setting that is potentially useful for scientists in a broad

array of disciplines such as pharmacology, materials science, and

physics, as well as more obvious fields such as astronomy.

The pool of people who have flown in space has also

broadened tremendously in the past forty years. We have moved

from a group of seven handpicked men that were trained as military
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test pilots to men and women of many national and professional

backgrounds. Diversity has become an avowed goal of most fed-

eral agencies, including NASA, so that people of many ethnici-

ties and personal backgrounds not only fly in space but serve in

key roles on the ground. Older astronauts in their sixties and

even seventies have flown in space. Beyond pilots and com-

manders, NASA now trains scientists and engineers as payload

specialists to fly in space. Even more than the payload specialists

who are not "career astronauts," NASA has tried to bring other

civilians, such as teachers, into space. The issues of diversity in

general and of civilians in space in particular have ebbed and

flowed in importance over time but continue to be relevant. In

recent history, the subject of paying tourists in space has come to

the forefront.

This obviously relates to the ongoing topic of commercial-

ization. Spaceflight has always been expensive, but in the 1980s,

and especially in the 1990s, the federal government began looking

at ways to privatize certain space activities. Different individuals

in the commercial sector have expressed varying degrees of interest

in making human spaceflight a profitable endeavor. While

robotic applications satellites such as remote sensing and com-

munications have been significant ventures since the early 1960s,

both the government and the private sector have warmed to

commercialization of human spaceflight somewhat later. In the

mid-1990s, NASA turned over certain key operational activities

of the Space Shuttle to the private United Space Alliance in an

attempt to lower the government's costs for "routine opera-

tions." Recently, NASA has also entered into several high-profile
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joint agreements with private companies that are interested in

conducting specific experiments, selling data, or targeting mar-

keting opportunities in space. Whether these activities will turn

out to be profitable or otherwise worthwhile remains to be seen,

but commercialization efforts certainly have been an important

force in space history.

The history of hunlan spaceflight has also been shaped signif-

icantly by technologies that were initially developed outside the

aerospace sector. The computer and biotechnology revolutions

have had major impacts on how space operations are planned

and executed. In addition to exponential increases in computing

power, the advent of digital microelectronics has made fly-by-wire

technology p_ssible, which in turn has improved safety. Like

computers, advances in biotechnology enable new experiments,

knowledge, safety, and health in space; space research also syn-

ergistically benefits the biotechnology industry.

One technology that thus far has proved elusive is an inex-

pensive, reliable launch vehicle to improve human access to

space. There are many reasons this has proved problematic.

Perhaps the first is that escaping Earth's gravitational pull has

continued to be an inherently difficult task technically. Secondly,

many knowledgeable people would argue that the government

has not provided sufficient financial resources to address this

problem after the end of the space race and Cold War. While

commercialization still looms large in the space context, no pri-

vate companies have devoted truly significant resources to

address this problem because they typically believe that their

investment will not be rewarded any time soon, and because they

5 m_
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often view such research problems as the government's domain.

Some people even contend that the real cost of launching

humans into space is the unnecessary redundancy in personnel

costs of having a "standing army" to launch spacecraft such as

the Space Shuttle. According to this controversial line of thinking,

the launch technology per se is not unduly expensive, but we need

a different paradigm for ensuring that we can launch people into

space with reasonable safety and cost factors.

Safety has always been and always should be a primary

concern of any program that puts people in a dangerous envi-

ronment such as space. Nevertheless, our views of safety have

evolved historically. Hopefully we have learned to be more

"proactive" in preventing accidents, but what does this mean,

and how is this actually implemented in practice? Over the past

several decades, a growing body of social science literature on risk

assessment and management has emerged, but few scholars have

seriously analyzed risk in spaceflight from such a perspective.

What qualifies as an acceptable risk for a robotic spaceflight

may obviously be totally unacceptable in the human context.

Such a safety debate has played out in the struggle to find

an appropriate power source for long-duration human space

missions such as a voyage to Mars. While nuclear power in various

forms may be acceptable to the majority, although certainly not

all sectors, of the general public for deep-space planetary probes

and the like, it faces greater opposition for human spaceflight.

On the other hand, would it be possible to adopt the safety

model of the nuclear submarine? While the technology base may

be present to make this technically feasible, public opinion in the

6
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United States has seen nuclear power as inherently risky and contro-

versial. While scientists such as astronaut Franklin Chang-Diaz

have undertaken research in exotic forms of power such as ion or

plasma propulsion, such technologies are still in the distant future.

While the history of human spaceflight has generally been

one of great technological achievement and inspiration, space-

farers have also suffered many disappointments, both in terms of

human tragedies and in failing to meet goals we have set for our-

selves. Disastrous accidents such as the Challenger explosion and

the Apollo 1 fire are etched into our collective memories and prod

us to take prudent risks and be ever vigilant about safety whenever

lives are at stake. At another level, we have been repeatedly frus-

trated by our inability to achieve aims such as routine, reliable.

and inexpensive spaceflight. Why have we failed in these areas?

Is our technology base still immature, or are there other political,

cultural, and social factors that limit our ability to satisfy our

yearning to explore space?

What is our next logical step after the ISS? Should we send

humans to Mars? Before we attempt such long-duration missions,

we still have much to learn. Even though NASA has now flown

humans on Skylab and the ISS, most Shuttle flights are only one

to two weeks in duration. We still need to understand more

about how microgravity affects human physiology. We know it

causes motion sickness in many astronauts before they become

acclimated, but researchers still cannot predict which ones will

become ill, nor is there a good treatment for this ailment.

Microgravity also causes hone density to decrease, which can be

reversed by exercise in space, but how much exercise and what

......
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kind is best? Will astronauts on interplanetary missions be exposed
to excessive amounts of radiation over their long journeys? Since

weight is a hindrance to lifting spacecraft to Earth orbit, lead

shielding may not be the best solution.

Other, perhaps more subtly vexing challenges for long-

duration missions fall into the realm of psychology. For months

on end, the crews presumably will be confined to quite small

spaces that will make submarines seem roomy. In addition to

potential claustrophobia, the crew will certainly be very isolated.

Not only will no other humans be anywhere nearby, but audio

and visual communications back home will not be in real time,

so astronauts will not be able to speak directly to mission control

if a problem arises or to their families for personal comfort. While

submarine crews and polar expeditions may provide some answers

for how to deal with the psychological stress of such journeys,

human spaceflight to other planets will clearly present unantici-

pated challenges precisely because it has not been done before.

Public opinion has also influenced the realm of human

spaceflight in ethical dimensions. When should we allocate

financial and human resources to space exploration instead of

other, more immediate problems such as social welfare, poverty,

and healthcare? Our values also play important roles in allocating

resources within NASA's budget. We must balance, for example,

the knowledge that comes from Earth remote-sensing satellites

with the inspirational value of having astronauts take us to new

places. Ethics also play into issues such as how much or little we

alter the environments we are exploring and studying. At the

dawn of the space age, few people gave such ethical debates
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much thought. Indeed, the space race of the 1960s was won with

specific engineering achievements, even if some critics would dismiss

them as propagandistic stunts. Without the overriding Cold War

driver, however, such ethical concerns will likely take on greater

significance in the future.

Even more important than determining whether our tech-

nologies and crews are prepared for long-duration spaceflight,

spacefarers and their supporters would do well to remember that

there must be a fundamental rationale for further human space-

flight. Ideally, it should be concise and easily articulated so that

the public can readily understand it. Currently, space advocates

are struggling to convince Congress and the public why human

explorati_m is important enough to support with government

funds at all. Clearly, NASA's future budgets are unlikely to be as

large as they were during the early space race, so planners will

need to be thrifty and innovative.

The future is likely to bring other unanticipated challenges.

Will the Chinese initiate a serious human spaceflight program of

their own? Perhaps the future international political situation

will make it advantageous for NASA to cooperate with China.

Will another country such as Brazil loft astronauts into orbit in

the next forty years? Will space become a new battleground for

military conflict, despite many years of international efforts to keep

it peaceful? Will the discovery of life, even if unintelligent beings,

on another celestial body rally efforts for further human exploration

of the solar system, let alone further reaches of the universe?

A confluence of anniversaries made the spring of 2001 a

propitious time for reflection on a forty-year record of achievement
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and on what may lie ahead in the years to come. The fortieth

anniversary of Alan Shepard's first spaceflight, the first time an

American flew in space, took place on 5 May 2001. The fortieth

anniversary of Yuri Gagarin's spaceflight, the first time a human

traveled irito space and orbited Earth, took place on 12 April 2001.

Coincidentally, this date was also the twentieth anniversary of the

launch of STS-1, the first Space Shuttle flight. In addition, 25 May

was the fortieth anniversary of President John E Kennedy's

famous "urgent needs" speech in which he proposed putting an

American on the Moon "before this decade is out," initiating the

Apollo Project. Last but not least, the Expedition One crew to

the ISS had finished its historic first mission in the spring of 2001.

Thus, the NASA History Office joined efforts with the

NASA Office of 'Policy and Plans and the George Washington

University Space Policy Institute to put together a one-day seminar

on 8 May 2001 on the history, policy, and plans of human space-

flight. The seminar was open to the public and featured the view-

points of those who have flown in space and also of nonastronaut

experts. The speakers were a fairly diverse lot in terms of back-

ground and views, but all were accomplished in their fields and

gave thought-provoking comments.

The program began with opening ond keynote remarks by

then-NASA Administrator Daniel Goldin and respected author

Charles Murray. An inspiring speaker, Goldin challenged the

audience to persevere through the inevitable and the unexpected

challenges facing human space exploration. Murray related sev-

eral moving anecdotes about the Apollo program and how its

management techniques stood out.

10
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The first panel focused on tile experience of spaceflight and

featured an Apollo astronaut, one of the first Shuttle astronauts,

a scientist, a commercial payload specialist, and an astronaut

trainee who had not flown in space yet. Buzz Aldrin talked

about his unusual career path to the Moon and about a future

launch vehicle system that enthralls him. T. J. Creamer spoke about

the continuity of building on the achievements of others before

him and specifically mcntioned how the daughter of another

panelist, Bob Crippen, was a trainer ff_r his astronaut class.

Scientist Mary Ellen Weber discussed how significant micro-

gravity research could be for the average person on Earth and

also enthralled listeners with her experience of having to look

down from on orbit at incoming meteorites. Charlie Walker, the

first astronaut to fly specifically on behalf of a company, covered

how NASA could best work together with private industry.

The second panel featured a variety of historical perspectives

on the past forty years. The distinguished speakers covered such

specific topics as Soviet-American reactions during the space

race, the importance of safety, and counterfactual history. The

author of a monumental w)lume on the Soviet space program,

Asif Siddiqi, reinforced how thc perceptions, misperceptions,

actions, and reactions of the U.S. and the U.S.S.R. created the

dimensions of the space race. ,John Logsdon posed a number of

"what if" questions to push historians to rethink our assumptions

of the causes of key events. Astronaut and manager Fred Gregory

discussed how thinking about reliability has shifted from forcing

peoplc to dcmonstrate a specific safety flaw bcforc a launch would

be postponed to the current situation, where managers must

- I!
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actively show that it is safe to launch. William Sims Bainbridge

revised his arguments about the social and cultural aspects of the

"spaceflight revolution."

In the afternoon, another panel looked at the future of human

spaceflight. A variety of speakers, from engineers and scientists

to a philosopher and a popular author, gave their provocative

opinions on the challenges facing human spaceflight. Astrophysicist

Neil de Grasse Tyson challenged space buffs to think of a major

engineering or scientific project in history that was not begun for

at least one of three reasons--national security, economics, or ego

gratification. Robert Zubrin, a passionate advocate of human

missions to Mars, echoed Frederick Jackson Turner's famous

frontier thesis that it is our destiny to explore new worlds.

Homer Hickam proposed that one underappreciated reason for

human spaceflight is to tap solar power for use on Earth, and he

evoked Wernher von Braun in emphasizing the need to explain

clearly why space exploration is worth doing at all. Ethicist

Laurie Zoloth challenged listeners to consider the moral conse-

quences of human exploration of new places. Jim Garvin engaged

the audience by discussing exciting new technologies that could

be used to send humans beyond Earth orbit.

Finally, William Shepherd, the commander of the Expedition

One crew to the ISS, gave his take on some lessons learned from

his personal experience that could be applicable for future human

spaceflight missions. Shepherd views the ISS as a stepping stone

on the way to Mars and discussed his vision for how such chal-

lenging journeys could be accomplished. He points out that not

only do we need to develop more powerful and autonomous space-

12
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craft to reach Mars, but we also need to address cultural differ-

ences and standardization issues inherent in what he believes will

be increased international cooperation. Shepherd also argues for

consolidating expertise in a National Space Institute, similar to

the military service academies.

Such a seminar is not only a collected work in the sense of

many authors, but also in the sense of many producers. Many of

the same people who helped stage the seminar also helped with

the production of this volume. Louise Alstork, Nadine Andreassen,

Jennifer Davis, Colin Fries, Mark Kahn, Roger Launius, and Jane

Odom of the NASA History Office helped greatly with both the

seminar and the book. Jonathan Krezel, Becky Ramsey, and

Michelle Treistman of the George Washington University Space

Policy Institute assisted John Logsdon in staging the seminar.

Many thanks also go to Tawana Cleary, who graciously handled

the astronauts' appearances, and to the good folks at NASA TV

for all of their work. Special thanks go to Mike Green, of the for-

mer Office of Policy and Plans, who helped initiate and organize

the seminar, and who also chaired a panel. In terms of produc-

ing the book, special recognition goes to Michelle Cheston, Dave

Dixon, Melissa Kennedy, and Jeffrey McLean in the Printing and

Design group at NASA Headquarters. Thanks to all of these pro-

fessionals for their help with logistical matters and for stimulating

new and provocative ideas that promise to maintain interest in

and debates on the course of human spaceflight for years to come.

-- 1.3
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1

Astronaut Alan B. Shepard receives the NASA Distinguished Service Award from

President John F. Kennedy in May 1961, days after his histoo,-making Freedom 7
fltght. Shepard's wife and mother are on his left, and the other six Mercury astronauts

are in the background. NASA Image $67-19572.
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Today is an auspicious day for holding this symposium.

Today is thc fortieth anniversary of thc day when Alan Shepard

came to Washington after his historic flight. He participated in a

parade, addressed a joint session of Congress, and then came to the

White House, where President John E Kennedy gave him a medal.

On that same day, 8 May 1961, Vice Presidcnt Lyndon

Johnson presentcd Prcsident Kennedy with a set of recommen-

dations conccrning the future of hun3an spaccflight that con-

taincd a historic menloranduna signed by NASA Administrator

Jamcs Webb and Secretary of Dcfcnse Robert McNamara.

These recommendations had becn developed in thc two-

and-a-half weeks after Kenncdy, on 20 April 1961, had askcd

the Vice President ro carry out a review to identify a "space pro-

gram which promises dramatic results in which we could win."

This set of recommendations led to Kennedy's decision to accel-

erate the space program, aim at across-the-board space preemi-

nence, and set a hmar-landing goal as the centerpiece of the

space program for the 1960s. A decision wasn't made on 8 May

1961, but the decision paper that led to Apollo and all that fol-

lowed reached the President that day.

To start this celebration of forty years of U.S. human

spaceflight, there's no more appropriate person than the ninth

Administrator of NASA, Daniel S. Goldin. Dan has served as

Administrator longer than any of his eight predecessors and has

made remarkable changes in the organization. I think as we look

back ten, fifteen, or twenty years from now at his time as

Administrator, we'll find that he sct NASA on a productive

course for the twenty-first century.

17
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Daniel S. Goldin with a model of the Mars Pathfinder's Sojourner rover.
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Opening Remarks--Daniel S. Goldin - --
I

What a wonderful day it is. We are taking the opportunity this morn-

ing to reflect on what it has meant since 1961 to be a spacefaring

nation. We are also looking forward to the next fi_rty years of human

adventure in space and what it might bring us as a civilization.

While the specifics of what will unfi_ld during the first part

of the twenty-first century are not certain--and that's the wonder

of the space programil can say with certainty that the possibilities

are boundless. Accordingly, I am both excited about where we

have been and where we are going.

Alan Shepard, of course, had become the first American to

fly into space during a 15-minute suborbital flight on 5 May 1961,

riding a Redstone booster in his Freedom 7 spacecraft. At the

ceremony that followed, President Kennedy recognized the courage

and sacrifice of all those involved in America's first human

spaceflight. The President commented that Shepard's success as

the first United States astronaut was an outstanding contribution

to the advancement of human knowledge, space technology, and

a demonstration of man's capabilities in suborbital flight.

President Kennedy also juxtaposed the very public flight of

Alan Shepard with the secrecy of our rival at the time, the Soviet

Union: "I also want to pay cognizance to the fact that this flight

was made out in the open with all the possibilities of failure,

which have been damaging to our country's prestige. Because

great risks were taken in that regard, it seems to me that we have

some right to claim that this open society of ours, which risked

much, gained much."l

I. Remark_ at the prc_entatltm ot NA%V_ l'hstingul,_hed Service Medal to a_tronaut Alan

B. Shel'_ard on 8 Ma._ 196 I. I'ubhc I'alwrs .I the I'resutents ,,f the Ihuted 5,rates: I,Im I-.

Kenned); 19_1 (Wa_hingttm, D( : U.S. Gnxernment Printing Office, IL)62), p. _66.
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President Kennedy's comments about the risks and rewards of

spaceflight are just as applicable today as they were on 8 May 1961.

In forty years of human spaceflight, we have achieved enormous

successes, gained astounding knowledge about our universe and our

place in it, and brought untold benefits to the people of the world.

We have learned to survive in the incredibly hostile environ-

ment of space. We have landed on the Moon. We have developed a

remarkable vehicle, the Space Shuttle, which enables Americans to

travel to and from Earth orbit much more readily than any previous

launch technology, and we will have a vehicle that will take us not

just to low-Earth orbit, but, eventually, we will develop a vehicle

to take us out of Earth orbit.

I'm especially pleased to recognize the leadership of Alan

Shepard as the first Mercury 7 astronaut to fly to space. He was

truly an American hero, and I'm proud to have known him. Not

long after I arrived at NASA, Alan met me to tell me that what we

were doing at NASA was very important and that he personally

wanted to make himself available. He said that he'd do anything that

I asked to help accomplish the NASA mission. If I wanted him to

testify before Congress, or meet with senior officials, or speak to

schoolchildren, or take a trip across the world, he would be

happy to do it.

He was an individual who had been the first American to fly

in space, as well as an individual who had walked on the Moon. He

offered to carry the message of the importance of human space-

flight to the masses because he believed in it so deeply, and he

believed in this great nation of ours. Alan Shepard believed that

NASA is a representation of the best that America has to offer.

22
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He was enthusiastic about this fact and always shared it at every

opportunity. He left us a legacy of excellence that is unmatched.

We need more heroes like Alan Shepard and the other won-

derful astronauts who are opening up the cosmos. They are the

modern descendants of Lewis and Clark, Richard Byrd, and

Charles Lindbergh. They set their sights on the distant horizon

of space and the journey to unknown places, bringing back

knowledge and understanding. They inspire us with their perse-

verance. They lead us, as Americans, to a loftier place, and Alan

was the first American there.

In some respects, we have come a long way since Alan Shepard

flew the tiny Freedom 7 space capsule forty years ago, but, in other

ways, we have not yet journeyed so far. Alan would have been the

first to say that while the technology has changed, the curiosity of the

human mind and the courage of the human heart remain the same.

Those who venture forth into space are a breed apart. Alan

Shepard and every other astronaut should not be thought of simply

as passcngers or visitors in space. They are blazing a pioneering

trail that will be followed by others once they have made the way

safe. When we make the way safe, we are going to do great things.

As I was preparing these remarks, I thought about the pos-

sibilities. We've been locked in Earth orbit h_r too long, but we

are going to break out. There's no doubt in nay mind. The seeds

are there. This is the anniversary of NASA's forty years of human

space exploration, and it represents an important crossroad. As

we celebrate it today, we continue to move toward a visionary goal.

In our quest to make what is envisioned real, we test, we

build, we launch, we learn, and we fail. Then we start again and

- 23 --
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never ever worry about the criticism of failure--because in failure

we learn, and we start the cycle again.

So we are not only celebrating the past today, but also

drawing a demarcation point from which to envision the future

yet more wondrous. Let us work together to make it happen. Let

us burn into our brains that this civilization is not condemned to

live on only one planet.

Let's burn it into our brains that in our lifetimes we will

extend the reach of this human species onto other planets and to

other bodies in our solar system. Let's build the robots that will

leave our solar system to go to other stars and ultimately be fol-

lowed by people.

I wish that Alan Shepard could have been here with us

today. We lost a true pioneer when he passed on in 1998. He

liked to say of space exploration, "I know it can be done," "it's

important for it to be done," and "I want to do it." His spirit

lives on in that quest for our future in space.

I would like to close by dedicating this activity on the past,

present, and future of U.S. human spaceflight to the memory of

Alan Shepard, the first American hero of the space age and my

personal hero. Thank you very much.

24
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The Recr_rd So Far--Charles Murray

These remarks give me an excuse to revisit a world that

Catherine Cox and 1 had a chance to live in vicariously from

1986 to 1989 when we were researching and writing about

Project Apollo. As I thought about it, I realized that actually very

few people in this audience have had a chance to live in that

world, either vicariously or fl)r real. For most people today,

NASA's human spaceflight program is the Shuttle. The NASA

you know is an extremely large bureaucracy. The Apollo you

know is a historical event.

So to kick off today's presentations, I want to be the "Voice

of Christmas Past." If we want to think about what is possible

for human spaceflight as part of America's future, it is essential

to understand how NASA people understood "possible" during

the Apollo era.

It is also important to understand that the way NASA func-

tioned during the Apollo Program was wildly different from the

way NASA functions now. In fact_and I say this with all due

respect to the current NASA team members who are doing fine

work_the race to the Moon was not really a race against the

Russians; it was a race to see if we could get to the Moon before

NASA became a bureaucracy, and we won. But the lessons of that

experience should be ones that we still have at the front of our minds.

First, I would like to provide some perspective on time scale.

Think back to 20 July 1990. This was the twenty-first anniversary

of the first hmar landing, but that is not why I chose the date.

From 20 July 1990 to May 2001 is the same amount of time as from

the founding of NASA to the first Moon landing, only eleven years.

If you think hack to what you were doing on 20 July 1990, it just
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was not that long ago. So if we think about what infrastructure

for human exploration of space existed in 1958, when NASA

started, we realize there was virtually none. At that time, there were

few buildings, a small staff, and not a glimmer of the equipment

that Mercury, Gemini, and Apollo would use. At that time, the

largest booster in the U.S. launcher inventory was the Redstone,

which was less powerful than the escape tower on the Saturn V. The

Space Task Group that was responsible for NASA's early human

spaceflight efforts was formed only a few months after NASA itself.

Occasionally I am asked, "How can we get to Mars?" I am

tempted to say, "Well, junk the current space program, go down

to Langley Air Force Base, put together forty-five people that

have no experience whatsoever, give them eleven years, and they

will do it." Now that is facetious, but it is how short the period

of time was between ground zero and the first Moon landing.

The speed is only symptomatic, however, of the way that

NASA functioned during those early years, and I want to go over

a few of those characteristics. The first was simply youth. Of the

forty-five people who were initial members of the Space Task

Group, Robert Gilruth was the oldest at forty-four. Joe Shea and

George Low got their jobs at thirty-two and thirty-four, respec-

tively. Chris Kraft got his first big job at the age of thirty-four.

Glynn Lunney and Gene Kranz, lead flight directors during the

big Apollo missions, became flight directors in their twenties,

and they were still barely into their thirties when they were lead

flight directors for the Apollo flights.

People were very young, and it made a difference. As you

talk to the people of Apollo, they will say over and over, "We didn't
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know we couldn't do it." People who were older who would try

to come into this business often were not able to cut it. The reason

they could not cut it was that they were too aware of all the ways

that things could go wrong.

One of the things that youth brings with it is an ability to

form tightly knit teams, another characteristic of the early NASA.

It was so small to begin with that everybody knew one another.

Even though by the time Apollo flew, it had mushroomed into

tens of thousands of people, those initial connections remained.

There were people who had known each other at Langley Center

and at Lewis Center who dealt with each other in ways that had

nothing to do with their places in the organization charts.

Joe Bobek, who was a second-generation Polish immigrant

with only a high school education but a genius mechanic,

became chief inspector for the Apollo spacecraft. In contrast,

George Low was the courtly offspring of an afflttent Austrian

family, a brilliant engineer, and exceedingly well educated.

Before every Apollo flight, Gcorge I,ow would take a sandwich

down to the pad and sit down with his old mechanic buddy from

Lewis Research Center. They would talk about what George

Low needed to know about that spacecraft.

You had people such as Joe Shea and George Low taking

demotions all the time during the Apollo Program. They were

sent out of Washington to the Centers. They were technically far

lower on the ladder than they had been before, but the reason

they did that was because that was where the action was.

I do not want you to feel that I am completely unrealistic

and starry-eyed about Apollo. Were there any people who were
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mostly concerned about their careers during Apollo? Of course

there were. But if you talked to a lot of people from Apollo, you

also got a very clear message with lots of evidence that this was

the period of their life when their personal careers really weren't

nearly as important as focusing on the job at hand.

People were calling back and forth, ignoring lines of hierarchy

in their quest to solve problems. Incredibly brilliant engineers

were running the program. People such as George Mueller, who

was in charge of human spaceflight at Headquarters, were

extremely well-versed in virtually all details of their programs. In

terms of engineering, Mueller could wrestle to the ground a rela-

tively low-level engineer on his own particular specialty. The

same thing could be said again and again for people such as

Shea, Low, Max Faget, and all the rest. They were managers,

yes, but they knew just about everything there was to know

about the systems they were dealing with, and this made a lot of

difference when they wanted to obtain the respect and the over-

time work and the commitment of the troops.

Another important aspect of the program, which you can

get away with more easily when it's a young program, was its

incredible audacity. I shall give you three examples.

The first example goes back to George Mueller in 1963.

He came into NASA as head of human spaceflight and set his

underlings to work on a comprehensive look at the schedule and

how it was going. They were not going to get to the Moon

before 1970 or 1971; that was absolutely clear. So what did

George Mueller do? He imposed on the Centers all-up testing.

This meant that the first flight of the Saturn rocket, with its
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mammoth 7.5 million pounds of thrust in the first stage alone, would

be with all three stages in that stack. All three stages were untested

when Mueller made this decision. This approach was anathema

to the German rocket team down at Marshall. The Germans had

done very well by testing incrementally, one piece at a time.

The engineers from Langley had done very well taking

their experimental aircraft over the years and testing them out

one step at a time. Here was this guy from the ICBM world, the

third culture, as it were, that made up NASA in those days,

telling them, "We're going to do all-up testing--we're going to

do it all at one time." No committees made that decision. George

Mueller made that decision. It was not a political decision. He

was not doing it just to get to the Moon before 1970, although

that was clearly one of the motivations for it. But the engineering

logic behind it was absolutely fascinating. I recommend you look

at this decision-making process as a case study of rigorous engi-

neering thinking combined with enormous willingness to do

what was necessary to get a job done.

The second case of audacity was George Low's decision to

make Apollo 8 a circumlunar mission. Again, in reconstructing how

it was done and why it was done, we are not talking about some

wild-eyed adventure. There were engineering reasons why it was

possible and why it was not only possible, but valuable. But it

was the kind of decision which pushed everything in the schedule

a quantum leap ahead of where it would have been otherwise.

The third case of audacity is not a particular event; it is the

years that Joe Shea was the head of the Apollo Spacecraft

Program Office. It has been Joe Shea's legacy to be remembered
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as the guy who was pushing so hard that mistakes were not

caught, and we had the 1967 fire that killed three astronauts.

This was a very controversial period in NASA history, and Joe

Shea certainly took the fall for the accident. Nobody was

tougher on Joe Shea than Joe Shea was on himself.

I submit to you that he was doing exactly the same thing

that George Mueller and George Low were doing. But the coin

came up tails for him. But if it had come up tails for George Low

in Apollo 8, people would have said, "What on Earth are you

doing trying to send the second manned flight of an Apollo

spacecraft around the Moon?" If the first flight of the Saturn V

on the all-up had failed, people would have said, "Well, that was

really dumb to try to test all three stages at once." The first time

it had ever been done, everybody told him he should not do it,

and look what happened.

The Apollo Program was audacious, and occasionally it failed.

But the only reason we had a spacecraft as mature as the one we

had in 1967 was because Joe Shea had been operating that way

for four years and accomplishing wonderful things by so doing.

In trying to pull together my thoughts about the way

NASA operated, I would like to suggest considering the Apollo

12 mission. I recommend that NASA have a three-day seminar

for senior management staff on Apollo 12, meditating on it as a

fascinating example of managing a space program. As some may

recall, Apollo 12 was hit by lightning. It was actually hit by

lightning twice in the boost phase of the first stage, knocking

everything onboard to flinders. All the warning lights went on.

Down on the ground, it wasn't that all the data had been lost on
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tile controllers' screens,

but that the data made no

sense whatsoever. They

didn't know that the

spacecraft had been hit

by lightning. All the con-

trollers knew was that

the platform had been

lost; the guidance plat-

form had been lost; that

they weren't able m read

any of their data; and it

was taken for granted

that what you had to do

at that point was abort.

Shot'lb' after lifioff ,,,1 14 N,,l,ember 1969,
light,lt,lg strttck the Almlh, 12Satttrn V lalmch
vehlch, ,111dthe kUt,lch tolvel: NASA h,lage
K._C-691'(.-812. Special th,lnks tfJ Klpp
"le, lglte l¢,r help u,ith this Image.

Here is the first vignette from that Apollo 12 launch.

Sitting at one of the mission control consoles was one John

Aaron. He later rose to great heights in NASA, but at that time

he was only twenty-five or twenty-six years old. A year earlier,

he had been sitting in the control room at Houston watching a

test at the Cape, which they often did iust to get to understand

their systems better.

This particular time, at some point during the test, his screen

suddenly turned to weird numbers. Incidentally, the screens of the

Apollo controllers did not have nice graphics on them. They were

black screens. They had fuzzy white numbers, ]with] columns of

fuzzy white numbers on them at that time. That's all the controllers

viewed. The numbers were constantly changing. Incidentally, it is
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Technicians in the Firing Room
listen to Apollo 12 and Mission
Control overcome lightning-
mduced electrical problems.
NASA Image KSC-69P-856.
Special thanks to Kipp Teague for
help with this image.

also true that the numbers were not in real time because the

computers were quite slow. So controllers had to factor in that

some of the numbers that were changing were 15 seconds old,

while other numbers were 10 sec-

onds old and so forth. That is the

kind of thing you did if you were an

Apollo controller.

Aaron had looked into things,

called up the Cape, and finally man-

aged to figure out what was going

on. He was told of an obscure

board, called the signal condition-

ing equipment, SCE, that would

have restored their numbers if it was

switched to auxiliary mode. This

was something that John Aaron had

done that was not a formal part of his job. It was part of hundreds

of similar experiences he'd had. This was not something that the con-

trollers had practiced in any simulation since then. He was probably

one of the only people in all of NASA who knew this thing existed.

In the critical launch phase, when they were about to lose a crew,

when everything was going crazy, Aaron looked at that screen, and

he understood within a matter of seconds what was going on.

On the Apollo 12, the spacecraft had been hit by lightning

twice in the initial ascent phase. Controllers had lost the platform

but managed to reset it. They had a couple of hours in which to go

through tests of the spacecraft, and then they had to decide

whether to go forward with translunar injection.
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Catherine Cox and I really wanted to reconstruct the decision

that was being made by Rocco Petrone, Chris Kraft, Jim McDivett,

and the other senior people who were in charge of that flight. We

talked to all of them, and we couldn't get a story out of it

because here's what happened. These twenty-six-, twenty-seven-,

twenty-eight-, twenty-nine-year-old controllers went through all

the systems down there in the control room. Then they turned

around to the back row and said, "We've got a clean spacecraft;

let's go," and there was no fretting about it.

When I was interviewing Gene Kranz once, I asked him,

"Gee, this seems to me like a very dicey thing to do. Yes, you've

checked out the spacecraft, but, after all, the thing has been hit

by a huge bolt of lightning through all its electronics." Kranz

was very matter-of-fact about it--"No, you go the way the data

leads you." So 1 finally asked him "if a similar thing happened

with the Space Shuttle and you had to make the equivalent of a

decision to go out of Earth orbit, would you do the same thing?"

Gene Kranz was not often at a loss for an answer, but he just sat

and stared at me for about five seconds, and then he broke into

a laugh, and he didn't say anything.

That was the way that that mission worked. It was a story

of everything that made the human spaceflight program such a

wonderful adventure, as well as an excellent case study from

which later people could learn.

I second the remarks of Administrator Goldin about the

future of human spaceflight. I think that his aspirations for it are

just right. The only thing I would add is that if it is to succeed,

human spaceflight must most of all capture the public imagination.
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Part of the reason for that is hardheaded politics; you can't have a

big program unless you have gotten the political funding for it,

and the political funding only comes for it if you have captured

a large part of the public imagination.

The essence of human spaceflight is that it does great

things. That is how it captures the public imagination. About

600 years ago, with the invention of the scientific method, the

deep abiding human impulse to understand and to explore,

which previously had been confined to philosophy and religion,

was let loose on all the other ways that we could explore the

world. Now, in the twentieth century, I think that human space-

flight touches the wellspring of the human spirit and excites a

great many people. Human spaceflight also represents the great

next adventure in that continuing quest to understand and to

explore--only this time it is to understand and explore the universe.

We are never going to get a majority of the American people

to share in that aspiration any more than you could get 51 percent

of the people in Europe who wanted to get in small dangerous

boats and go to the new world. There always will be objections

such as "We would be better off spending money to combat

poverty here on Earth." There is, however, a sizable minority

who has a lot of influence, and they can be energized. But the

only way that they can be energized is if human spaceflight

remains true to its mission--it must do something beyond building

one brick after another. It must continue to push the envelope

with audacity, by going [to] new places, by doing new things, by

taking on grand missions.
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So as somebody who doesn't have a technical background

and doesn't work for NASA, I'll go ahead and give some advice

anyway. Get a grand mission, believe in it, give it to a new gener-

ation, and get the hell out of the way. Thank you very mt,ch.

m .

-- -- 37



I'erspectives(m the Pas! Forty Years of Human Spaceflight

The Spaceflight Revolution
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There are two models of the future of spaceflight, and there are

two theories of how that future might be achieved. The first

model of spaceflight assumes that we have already achieved

most of what is worth achieving in space, whereas the second

imagines it will be possible to build a truly interplanetary civi-

lization irl which most I'ltmlan beings live clscwherc than on

Earth. The first theol 3, holds that progress comes incrementally

from the inexorablc working of frcc markcts and political sys-

tems, whereas the second believes that rew_lutionary transfor-

mations must sometimes be accomplished by social naovements

that transcend the ordinary institutions and motivations of

mundane existence.

My 1975 Harvard doctoral dissertation, publishect in 1976

as The Spaceflight Revohttion, attributed the early stages of

development of space technology in large measure to a social

movement that transcended ordinary commercial, military, or

scientific motives. _First, visionaries like Konstantin Tsiolkovsky,

Robert Goddard, and Hermann Oberth developed the ideology

of spaceflight. Then tiny volunteer groups coalesced around

their ideas in Germany, America, Russia, and Britain, becoming

the vanguard of a radical social movement aimed at promoting

the goal of interplanetary exploration. Shrewd and dynamic

entrepreneurs, notably Wernher wm Braun and Sergei Korolev,

took the movement on a military detour, gaining the support of

I. Wdham Sims Bambridgc, The Spacefltgbt Ret,r)httmn (New Yc_rk: Wile)' Inttrl',_clt'ncc, 1976).
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Hermann Oberth in the foreground appears with officials of the Arm), Ballistic

Missile Agency at Huntsville, Alabama, in 1956. Left to right: Dr. Ernst Stubhnger

(seated); Major General H.N. To#o); Commanding Officer for Project Paperclip;

Dr. Wernher yon Braun; and Dr. Robert Lusser. NASA Image CC-417.
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the German and Russian governments. Finally, the movement

became institutionalized as the space programs of the Soviet

Union, United States, and other countries.

After I wrote, some historians gave greater emphasis to the

technical needs of the German war machine and the technocratic

values of the Soviet Union in the development of spaceflight. 2

Their analyses focus on later phrases in space history, and certainly

the social movement was crucial at the very beginning. There is

room to debate how long it was influential and when institu-

tional factors took control. The role of a transcendent social

movement in the development of spaceflight is an intrinsically

interesting question for historians, but it becomes very impor-

tant if we use the past to try to understand the future. Thus, for

me, the crucial question has always been "Can spaceflight tech-

nology develop to the fullest possible extent without the often

irrational impetus that a social movement can contribute?"

Human beings have not left low-Earth orbit since 1972, and

for thirty years the emphasis in space has been relatively modest

projects that satisfy some of the conventional needs of terrestrial

society. The 1986 report of the National Commission on Space

argued that the solar system is the future home of humanity,

where free societies will be created on new worlds, and great new

resources will benefit humanity. _However, governments, private

2. Michael J. Neufeld, Tke Rocket and the Retch: Peenemunde and the Coming of the

Balhsttc Mtssile Era (New York: Free Press, 1995); Walter A. McDougall, The Heavens

and the l"arth: A Pohtical Htstory of the Space Age (New York: Basic Books, 1985).

3. National Conamission on Space, Ptoneertng the Space Frontter (New York: Bantam
Books, 1986).
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enterprise, and the general public have not endorsed solar system

colonization as a practical or worthy goal.

This essay will first consider whether technological break-

throughs in space technology and the rational motives of ordinary

institutions have the capacity to break out of this relatively static

situation. Then we will survey the roles that social movements of

various kinds might play and conclude with an examination of

one particular nascent movement that might possibly build the

foundation for a spacefaring civilization.

When The Spaceflight Rew_lution was written, we had great

hopes that the Space Shuttle would be an economic as well as

technical success, but sadly, the cost of launching to Earth orbit

remains prohibitively high for many applications. The most

recent disappointment is the cancellation of the X-33 and the

inescapable realization that we are still a long way from the ability

to develop a low-cost launch system. 4

Science-fiction writers and other visionaries have suggested

a vast array of alternative orbital launch methods. _ Some, like

electric catapults and Jacob's ladders, have some grounding in

scientific principles but may present insurmountable engineering

difficulties. Others, like antigravity and reactionless drives, have

no basis in science and thus must be presumed impossible. A

third of a century ago, practical nuclear fission rockets were

4. Frank Morrmg, .Jr., "NASA Kills X-_3, X-34, Tr,ms Space Station," At,tatum Week and

Space TechmJlngy {,%March 20(11), pp. 24-2 _.

,_. Wflham Sims Bambrldge, I)mwnslnns ,fSc'w_we I'u'tum ((,ambrldge: Harvard Univcr_ltv

Prc_s, 1986).
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under development, but this approach now seems environmen-

tally unacceptable. It is hard to devise a more environmentally

benign propellant than the hydrogen and oxygen used by the

main engines of the Space Shuttle.

There is some hope that nanotechnology will save the day

with materials based on carbon nanotubes that are vastly

stronger yet lighter than metals." However, the X-33 failure shows

that it is not easy to work with radically new structural materials

in demanding aerospace applications, and we may be many

decades away from being able to manufacture propellant tanks,

wings, and other large structures from carbon nanotubes.

Perhaps Robert Zubrin is right that [the] use of native

Martian resources will significantly reduce the cost of a manned

expedition. 7 However, the cost may still be more than people are

willing to invest. Thus, the Mars society that has been organized

around Zubrin's vision may be more important for reviving the

spirit of the spaceflight movement than for any particular tech-

nical innovation it offers.

Technological breakthroughs in rocketry would certainly

help promote space development, but the advances we are likely

to see over the next several decades will not be sufficient in

themselves. We also need a profound boost in the motivation.to

invest in an aggressive space program.

6. Richard W. Snegel, Evelyn Hu, and M. C. Roco, Nanostructure Scu, nce and Technolog9'

(Dordrecht, Netherlands: Kluwer, 1999); M. C. Roco, R. S. Williams, and P. Ahvisatos,

Nanotechnology Research Dn'cctums (Dordrechr, Netherland.s: Kluwer, 2000); M. C. Roco

and Wdliam Stms Bainbridge, Socwtal lmphcattons of Nanosctence and Nanotechnoh_gy

(Dordrecht, Netherlands: Kluwer, 20(11 ).

7. Robert" Zubrin and Richard _1agner, The Case ft_r Mals (New York: Free Press, 19961.
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Satellites in low-Earth and synchronous orbit are of great

importance in the collection and distribution of inff)rmation,

thus essential to the information economy. The wide range of

civilian applications includes telephone, data transmission, tele-

vision, navigation, weather observation, agriculture monitoring,

and prospecting for natural resources.' The technology is largely

perfected, and incremental progress can be achieved by improvement

in information systems and simply by investing in more relatively

small satellites of the kinds we already have.

Current space technology has proven the capacity to send

robot space probes to any location in the solar system and a few

billion miles beyond. Orbiting observatories, such as the decade-

old Hubble Space Telescope, are effective means for gaining

information about the vast realm that lies beyond the reach of

space probes." Much can be accomplished over the next century

in space science without the need for major new launch technology.

Indeed, one could argue that if science were the prime purpose

of spaceflight, we would have done well to keep manufacturing

the forty-year-old Saturn 1, rather than developing more sophis-

ticated launch systems.

Many scientists and ordinary citizens believe that the chief

justification for the space program is the knowledge of our place

in the universe gained by probes and space telescopes. However,

8. Ft_r exampk', sL'¢ the Natlnnal RL'sL'arch (,nuncfl report, P_'_ple and Pixc'ls: I,mkmg

Remote ._ensmg ,rod S_,,'ial _c_t.n,'e, t'd. Dianna I iv_'rman, I:mihc_ F. Mt_ran, P,c,nald R.

Rindfu,,_, and Paul ('. Stern (Wa_hHlgt(m, 1)(.: Nanonal AcadL'm._ Prc_. 1'._98).

9. Re,bert W. Mmdl, TI,e .Space "l'c'k,s_rq_e (New Y_rk: ('anflwldgc t Im_er_lt._ Prc_s, 198_J).
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if the government really wanted to advance fundamental knowledge

that is interesting to the general public as well as to scientists, it

would put its money not into spaceflight but into paleontology,

archaeology, and anthropology---extremely underfunded fields

where rapid advances could be expected to follow quickly from

any increased investment.

The search for human origins is a noble and tremendously

exciting scientific initiative waiting for the political will to

achieve profound discoveries. Very little is currently invested in

primary data collection in paleontology and archaeology, and a

few million dollars a year could work wonders. In physical

anthropology, tools of genetic science already exist that could

chart the evolution of the human species and its geographic dis-

persion. For example, existing techniques are capable of sequenc-

ing the DNA of Neanderthal specimens and determining their

relationship to modern humans?" All that is needed is funding.

Military reconnaissance satellites have been essentially per-

fected, and they are already capable of accomplishing almost any

data gathering the defense establishment is willing to invest in?'

For a quarter century, enthusiasts have urged the development of

a space-based missile defense system, perhaps employing beam

weapons. If it required orbiting many large installations, it

10. Matthias Krings, Anne Stone, Ralf W. Schmitz, Heike Krainitzki, Mark Stoneking, and

Svante P_iabo, "Neandertal DNA Sequences and the Ongm of Modern Humans, _ ('ell

(1997) 90: 19-30; see also Dennis H. O'Rourke, S. W, Carlyle, and R. L. Parr, "Ancient

DNA: Methods, Progress, and Perspectives," American Journal of Human Bu)logy, 1996, 8:

557-571.

11. Jeffrey T. Richelst,n, America's Space Sentinels: DSP Satellites and National Securt O,

(I awrence: University of Kansas Press, 1999).
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would promote the developnlent of efficient launch vehicles

which could then be applied to other purposes.': But currently its

advocates emphasize localized theater defense systems and

"smart rock" ICBM interception methods that do nothing to

advance civilian spaceflight.

Since the 1960s, there has been much talk about commercial

exploitation of outer space. For a time, attention was given to

the idea of collecting solar energy in space and beaming it to Earth,

and there still is hope that some new industrial processes that

require weightlessness will prove to be economically profitable.

However, space-based solar energy systems would be extremely

costly and are not currently part of the world's response to

energy needs." Today, materials scientists are much more excited

about a wide range of terrestrial nanotechnology techniques

than about the dubious value of weightless manufacturing.

Like military applications, hypothetical industrial satellites

would probably be in low-Earth orbit; although, some writers

have argued that it might be cheaper to build them from lunar

materials because of the low velocity required to leave the

Moon. '_ This would demand some degree of lunar colonization,

and it would thereby btfild a transportation infrastructure that

would reduce the cost of deep-space missions.

Nonetheless, it is very difficult to develop a scenario in which

the Earth itself could ever benefit from importation of raw materials

12. William .hml_ I_,ainl,rldgt ", The ._pacefllgh! Rew_htttml (New York: Wiley Intersclence,

1976), pp. 241-243.

13. Electric Pmt,er fi'C_nl ( )rhlt: A (a'ttlqtte o[,I ._;,Itelhte Power Systenl (Wa_hmgttm, 1)(2

Natmnal Academy of Sciences, 1981 ).

14. Gerard K. O'Ned[, The High/:rmmer (New York: Bantam Books, 1977); Richard D.

.I,_hn_on and (.:harles H,,lbrow, edttors, Slmce Settlements: A I)estgn Stud), (Washington,

DC: National Aeronautics and Space Athnin_strati,m, 1977).
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from beyond the Moon. It is more than a clichd that the world is

becoming an information society, postindustrial rather than indus-

trial." The Earth has ample supplies of almost every useful chemical

element, and it is not plausible that we could find energy sources on

Mars that would be cost-effective to bring to Earth. Martian resources

would be of value if we had already decided to live there, but we

would need some motivation other than raw materials to do so.

In purely economic terms, beyond synchronous orbit or maybe

lunar orbit there may be no bucks; therefore, no Buck Rogers.

Some say that the pressure of population growth on Earth

will force humanity to colonize other worlds. Perhaps the most

plausible version of this scenario was suggested in Kim Stanley

Robinson's series of novels about terraforming Mars--the rich

ruling classes might want to develop Mars as a home for them-

selves when Earth becomes unendurably overpopulated. TM

Unfortunately, examination of actual fertility and mortal-

ity trends does not provide a clear demographic justification for

space colonization. The population explosion has not yet halted

in many poor nations, but they certainly do not have the wealth

for spaceflight. Fertility rates have dropped so far in most of the

industrial nations that they are poised for a population collapse

that would remove their motivation to expand out into space.

Recent United Nations estimates predict that nineteen

nations of the world will each lose more than a million in population

15. Daniel Bell, The Comulg of Post-lndustrtal Society (New York: Basic Books, 1973).
16. Kim Stanley R_binson, Red Mars (New York: Bantam, 1993); Green Mars (New York:
Bantam, 1995); Bhte Mars (New York: Bantam, 1997).
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by the year 2050: Russia (loss of forty-one million people), Ukraine

(twenty million), Japan (eighteen), Italy (fifteen), Germany

(eleven), Spain (nine), Poland (five), Re)mania (four), Bulgaria

(three), Hungary (two), Georgia (two), Belarus (two), Czech

Republic (two), Austria (two), Greece (two), Switzerland (two),

Yugoslavia (two), Sweden (one), and Portugal (one).'" Fertility

rates are also already below the replacement level in Australia,

Canada, France, New Zealand, and the United Kingdoln.

Fertility rates are still above replacement in the United

States, and the U.S. Census projects population growth throughout

the next centuryd _ In part, growth is assured by immigration and

by the fact that fertility rates are still high in some minority

groups. Major uncertainties are the roles of religion and politics.

The collapse in Etlropean fertility rates may partly be explained

by secularization and by indirect effects of the welfare state. '_

America is far more religious than almost any European nation

today, other than Ireland and Poland, and its political environ-

ment is quite different from that of Europe or Japan. If the

United States eventually h}llows the other industrial nations in

abandoning religion and adopting the welfare state, then

American fertility rates could collapse just as those in most of

17. Population I)lvi_Mn, Department of Econc}m_c and S_c_al Affairs, United Nan{ms,

W,,rld Prqndatitm I'mqwcts: The 2000 Replsi_)n (New York: Umted Nations, 2001 ), p. g8.

18. Frederick W. H_,lhnann, Tammany ]. Mulder, and Jeffrey F. Kallan, "Method_,lt,gy and

Assumpnons fl)r the l't_pulancm Pr_jecnons of the Llnitcd ,States: 1999 t_, 2100,"

P_pulatr_m I)ivr_i_m Wt_rkmg Paper N_. 3_, IJmted 5rate_ f'en_us Bttrcau, 2[)[)0.

19. Rt)nald Inglehart and Wayne E. Baker, "M_)derm/at.)n, Cultural Change, and the

I)erslstencc ot "I'radmt)na[ Values," AmetTc'ttn S(Jct(JhJgtcttl Rt't*t(,tt_ (l_el,ruar._ 20()0),

65:19-5 I.
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Europe have already done. If that happens, then there is no

nation both rich enough and demographically motivated to col-

onize the solar system.

Finally, one might hope simply that the passage of time will

allow a steadily increasing portion of the population to become

interested in space. Spaceflight accomplishes a little more each

year, and the growing status of science fiction in popular culture

should also contribute to increased enthusiasm.

However, opinion polls reveal only modest growth in sup-

port for the space program. Perhaps the best data source is the

General Social Survey, a repeated scientific study of a random

sample of Americans that has included a question about the

space program for twenty-five years. In 1973, just 7.8 percent of

the American public wanted funding for the space program

increased. By 1998, this fraction had grown just to 10.8 percent.

A pessimistic way to look at this is to note that this increase of

3 percentage points over a quarter century would mean 12 per-

centage points every century. Linear extrapolation would predict

a majority of the population would support increased space

funding in about the year 2325.

Of course, a crude projection like that is scientifically inde-

fensible. Support has moved up and down over the years, apparently

in response to events. The highest level of support was in 1988,

responding to the nation's return to space after the Challenger

disaster, when 18.9 percent wanted funding increased. The biggest

trend over the twenty-five years was actually a shift from feeling

funding should be reduced to feeling it was about right. In 1973,

61.4 percent wanted the space program reduced, compared with
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only 42.2 percent in 1998. Those who felt about the right

amount was being invested rose from 30.8 percent in 1973 to

43.8 percent in 1998. But a projection based on the fifteen years

from 1983 to 1998 shows no growth in those who want space

funding increased and no decline in the proportion of the popu-

lation who want it reduced; so projections are very sensitive to

the assumptions on which they are based.

While opinion polls give some reason for slight optimism,

they certainly do not reveal the kind of rapid growth in support

that would be required to break out of the current doldrums.

Hope springs eternal, but there is little reason to expect that either

a breakthrough in space technology or a surge in conventional moti-

vation will transform spaceflight in our lifetimes. Thus, we need to

consider the possible impact of another spaceflight social movement.

The regularities of human interaction can be classified in

terms of four levels of social coordination--parallel behavior,
2II

collective behavior, social movements, and societal institutions.

Parallel behavior is when individuals do roughly the same thing

for similar reasons, but without influencing each other directly.

An example is the isolated pioneers who developed the intellec-

tual basis of spaceflight, including Tsiolkovsky, Goddard, and

the early work of Oberth. On the basis of their ideas, an inter-

national network of informal communication developed, chiefly

20. Wtlham Sims Bainbndge, "Collective Behavtor and Socml Movements," m ,%cndogy by

Rodnt'y Stark (Belmont, (;Mff.rni_l: W, idsworth, 1985), pp. 492-_;23, reprinted m .',econd

editmn ( 19871 and tlurd edition ( 19891.
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through publications, in which the ideas were disseminated, and

spaceflight enthusiasts came into contact with others of like

mind. The sociological term for informally coordinated mass

activity is collective behavior, including such phenomena as pan-

ics, riots, fads, and crazes.

It often happens that collective behavior can develop a

degree of formal organization and become a social movement.

For spaceflight, the watershed was the founding of prospace vol-

untary organizations, notably in Germany, the United States, the

Soviet Union, and Britain. A successful social movement often

becomes incorporated in or co-opted by a societal institution,

such as government space programs. Then, the early enthusi-

asms of the typical institutionalized movement become mired in

bureaucratic inertia, and it is very difficult to transform well-

established institutions. -'_

Much of the traditional social-scientific literature on social

movements focuses on the movements of deprived groups within

society.:" These often take the form of protests, and they typi-

cally challenge the comfortable status of societal elites. To many

influential people, the evolutionary processes of conventional

societal institutions feel safer and more reasonable than revolu-

tionary movements.

Since the end of the Apollo program, a number of moderate

social movement organizations have supported increased efforts

21. William Sims Bainhridge, _Beyond Bureaucratic Pohcy: The Space Flight Movement,"

pp. 153-163 in People tn Space, ed. James Everett Karz (New Brunswick, New Jersey:

Tratlsaction, 1985}.

22. Nell J. Smelser, Tbeo O, of Collective Behavior (New York: Free Press, 1962); Hans

Toch, The Soctal Psychology o[ Social Movements (Indianapolis: Bobbs-Merrdl, 1965);

Ted Robert Gurr, Why Men Rebel (Princeton: Princeton University Press, 1970).
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in space. :_ In the main, these are respectable groups, and their

contributions have been worthwhile. However, as Michael

Michaud noted in his study of these groups, they have not

achieved significant breakthroughs. :_

A really new spaceflight movement might upset the delicate

relationship between the established space program and the

branches of government that provide the money for it, and it

might alienate many opinion leaders in the general public, even

if it energized the enthusiasm of others. At the very least, a fresh

social movenlent would demand fresh thinking that shatters con-

ventional notions about what science, technology, and the

human spirit could accomplish in space.

Religious movements arc especially suspect in the modern

era, yet they have the capacity to break through ordinary rou-

tines and to experiment with utopian alternatives such as [anJ

extraterrestrial society. -'_ Few people already involved in the

space program, and few members of the general public, are pre-

pared to embrace a radically new religion. Some of them are

faithful believers in the traditional religions. Most of the rest are

probably secularists with neither religious faith nor much trust

in religious enthusiasts.

Most people seem horrified by the few highly publicized

religions oriented toward contact with extraterrestrial beings.

23. Trudy 1:. Bell, "American Sl_acc-lntcrc._t Gmup_, _ Star amt Sky (bcprcmbcr 1980),

pp. _3-(,0.

24. Michael A. (,. Mnchaud, R,',1,'bmg /_Jr the Ihgh I'r, mtter: The Amertc, m l'r_J-_pace

M_wement, 1972-84 (New _q_rk: Pracgcr, 19861, p. _(18.

25. Wdham qims Baml_rldge, "Rehgicms fi_r a [;alactic ( wihzatltm," pp. 187-2(11 m

StIltltltIC Flt'tll_ll +Ilia ._]_Ll_ e kltlttr_'$q trd. 1'llgt.'ll¢." ._'|. I:llllllt.' I.'_,lll |)lt'g(): AIIlt'l'lt'dll

Astr_matmcal S_cicty, 19821.

53



Looking Backward, Looking Forward

Both Heaven's Gate 2_and The Solar Temple "7tried to travel to
other worlds by committing suicide, and the latter also commit-

ted a number of murders. A theologically similar space-oriented

group called the Raelian Movement has not resorted to violence

but has hurled a powerful religious challenge at conventional

society by setting out to clone human beings as part of its radi-

cal method for transcending the limitations of terrestrial life. 2'_

Religious movements have a tendency to pursue goals by

supernatural rather than natural means. An example is the little

book published by the Hare Krishna movement, Easy Journey to

Other Planets, advocating chanting rather than rocketry as the

best means to experience other worlds. "_Thus, it is possible that

space-oriented cults will seek to explore the galaxy, but they will

26. Robert W. Balch, "When the Light Goes Out, Darkness Comes," m Rehgmus

Movements, ed. Rodney Stark (New York: Paragon House, 1985), pp. 11-63; "Waiting for
the Ships: DzsiJluskmmenr and the Rewtalizarion of Faith m Bo and Pc_.'p's UFO Cu|T," The

Gods Have Landed: New Rehglons From Other g_Jrlds, ed. James R. Lewis (Albany: State
University of New York Press, 1995), pp. 137-166; Ryan J. Cook, "Heaven's Gate,"

Eno,dopedia o[ Millemziahsm and Mdlemtial Movements, ed. Richard [ andes (New York:

Routledge, 2000), pp. 177-179; Winston Davis, "Heaven's Gate: A STudy of Rchgious

Obedience," Nova Rehgto 3 (2000) http://wu,w.novarehgto.com/ davis.html

27. Susan J. Palmer, "Purity and Danger in the Solar Temple," ]ourmd of Gmtonporary

Rehglon 11 (1996), pp. 303-318; "The Solar Temple," Eno,clopedta of Mdlenntalism and

Mdlemual Movements, ed. Richard Landes (New York: Routledge, 2000), pp. 394-398.

28. Susan J. Palmer, "The Raelian Movement InTernational," New Religums and the New

Furope, ed. Robert Towler (Aarhus, Denmark: Aarhus University Press, 1995),

pp. 194-210; Phflhp Charles Lucas, _ Raelians" m I'nO,Clopedta of Mdlennmhsm and

Millemnal Movements, cd. Richard Landes (New York: Routledge, 2000), pp. 342-344.

29. Bhakttvedanta Swami, A. C., Easy Journe)' to Other Planets (BosTon: ISKCON
Press, 1970).
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probably attempt to do so through supcrnatural rituals rather

than through spaceflight. '''

This brief survey of research on social and religious movcments

is not very encouraging. Howcvcr, the examples of the civil

rights, women's liberation, and environmentalist movements

rcmind us that social naovcments are often very effective in

changing society's priorities. Perhaps a totally new kind of move-

mcnt could emerge in the ncxt fcw ycars, employing technology

to serve fundamental human needs that in earlier centuries would

have motivated religious or political movements.

I.et us imagine a successful social movemcnt of the future

that could actually bt, ild an interplanetary and even interstellar

civilization. 1 will present one idea here, but perhaps others are

possible. The idca rclies upon plausible developments in fields of

science and technology that seem remote from astronautics--

namely cognitive neuroscience, genetic engineering, nanotech-

nology, and information systems. But the ft, ndamental key is a

transcendental movement that would provide the motivation to

apply these dcvelopments to the foundation of cosmic civilization.

The chief impediment to rapid development of spaceflight

is the problem of returning a profit m the people who must

invest in it. The most obvious way to motivate people to invest

in interstellar exploration is to invite them to travel personally to

30. Rodncy Stark and Wdliam Sln'ls Bambrldgc, The/'uture _,[ Rehgton (Berkeley:

Umvcr_lty nf (;ahfornia Press, 1985); A Thecn T .f Rehgum (New Brunswick, New ]crecy:

Rutgcrs Umvcr_lty Prc_, 1996); Wilham Sm_ B,unbridgc, The Socu,hJgv ,Jf Rehgums

Movements (Nov, Y_,rk: Routlcdgc, 1997).
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the stars and create new lives for themselves on distant worlds.

But we are decades and perhaps centuries away from having the

technological capability and infrastructural base to accomplish

this in the conventional manner we have always imagined--by

flying living human bodies and all the necessities of life to other

planets. There is, however, another possible way.

Visionaries in a number of cutting-edge disciplines have

begun to develop the diverse toolkit of technologies that will be

required to overcome death. A prominent example is Ray

Kurzweil, a pioneer of computer speech recognition, who argues

that human beings will gradually merge with their computers

over the next century, thereby becoming immortal. _' The idea

dates back at least to Arthur C. Clarke's 1953 novel, The City

and the Stars. In 1966, Roger MacGowan and Frederick

Ordway speculated that successful spacefaring species might

evolve past the state of being biological organisms, becoming

"intelligent synthetic automata. ''_-' We have in fact advanced

some distance in that direction over the past thirty-five years,

and we now see the real possibility of achieving that dream in a

manner that preserves unique human personalities and blends

natural with synthetic modalities.

For a number of years, I have studied the techniques for

archiving aspects of human personality in computerized infor-

31. Ray Kur/x_enl, The Age o[ Spn'ltual Machules: When ('Onlpltters Exceed Hitnlan

httelllgence (New York: Viking, 1999).

32. Roger A. Mac(;owarl and Frederick I. Ordway, III, httelhgence m the Umverse

(Fnglewood Cliffs, New lersey: Prentice-Hall, 1966).
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mation systems, along the way publishing computer-assisted

textbooks on some of the methodologics." Ivl May 1997, I

launched a Web-based project, called Thc Question Factory to

create a very large number of questionnaire measures to archive

aspects of personality that were generally missed by standard

psychological tests." In addition to placing a number of item-

generation open-ended surveys on my own Web site, I joined the

team creating Survey2000 and Survey2001, two major online

qucstionnaire projects sponsored by thc National Geographic

Society. My initial rcsult was a set of eight pcrsonality-archiving

software modules incorporating 15,600 items and 31,200 meas-

urements." Anyone can begin to archive his or her personality

using these Windows-based programs today.

A complementary approach involves making digital audio-

visual recordings of a person's perceptions, speech, and behavior.

For example, Carnegie-Mellon University's Experience on

Demand project is developing "tools, teclmiques, and systems

allowing people to capture a record of their experiences unob-

trusively. ..... Steven Spielberg's Surviw)rs of the Shoah Visual

History Foundation has videotaped the reminiscences of more

than 52,000 survivors of the European holocaust, a 180-terabyte

3 _. William Sim_ Bainbrldgc, Survey Research: A Computer-Assisted Intrt,ehtctnm (lk.lmtmt,

Califi)rnia: Wadsworth, 1989): tins textbook mLludcs nine software programs and

datascr_; ._,_u'zal ReSe, lrH_ Meth_Jds and Statlstws (Bchnont, (:ahtorma: _Lidsworth, 1992);

th_.s textbnok includes elevcn _ottware pmgram.s and data_et_.

34.WtlhamqimsBainbrndge,"RehgtousFtlmogral_hyonthe W.rld WideWeb,"Rehgtcmon
the hltc'rnet,cd..JeftrcyK. Hadden and l)<mgla__X6(,_xan, \/td. S <_fthe anmlal Rehgt<m
attd the .hrwtalOrdel (NewYt+rk:.JAI/l']sewer,2000), pp. g'_-80,cspc_.l,fl])pp. 66-7+.
35. rhc (,_uestl+ml.actt_r_qtc'tt,te:el"fJ#._fnn/h,ttnhrzkl].htm
_6. Ib'IPll'.IItIt JIDIPdlLI.C$.O;PII.c'dIt]_'¢ld]
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dataset that cost $175 million to assemble. _7 The same effort

could have captured much of the personality of a single individual.

A combination of real-time computer graphics and artificial

intelligence based on an individual's full personality record could

even today produce a realistic dynamic simulation of tbar individual.

Many people today carry personal digital assistants

(PDAs), and some of these are already connected to lnternet.

Over the next few years, these will evolve into multimedia gate-

ways to the world of information, serving as advisors, coaches,

agents, brokers, guides, and all-purpose servants. At the same

time they perform all these functions, they can unobtrusively

record the user's wishes, thoughts, actions, and words.

Advanced devices of this type will adapt to the user's needs and

personality, so they will have to learn many of the facets of the

person anyway. They will also be companions that converse and

play games with the user. Many forms of personality-archiving

methods can be blended seamlessly with these activities.

A combination of foreseeable advances in several fields of

science and technology will permit vast improvements in our

ability to capture and reanimate a human personality. In time,

cognitive neuroscience, perhaps drawing upon molecule-size sen-

sor developments in nanotechnology, will be able to chart the

structure and function of a living human brain. "Gene on a chip"

37. wulu:vhfiorg/
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bioelectronic devices will permit cost-effective sequencing and

analysis of those aspects of a person's genetic code that influence

his or her personality, lnfornlation science, especially in the very

active field of digital libraries, will develop the necessary tech-

niques fi)r efficient storage and access of petabyte records of the

individual. Finally, advances in genetic engineering, information

systems, and robotics will allow archived human beings to live

again, even in transformed bodies suitable for life on other plan-

ets and moons of the solar system.

New lives must be lived on new worlds. TM Overpopulation

from a zero death rate would soon fill any one planet, and humanity

would lose its finest treasure if there were no more children. In

the past, several religions imagined that the afterlife was located

in Heaven. Once reanimation of archived human personalities

becomes possible, it will be necessary to enact a worldwide con-

stitutional law that resurrection must not be done on Earth, but

only in the heavens.

We see the beginnings of this prohibition against terrestrial

resurrection in the remarkably powerful worldwide movement

to ban human reproductive cloning. Other technologies are

likely to be banned on Earth in later decades, such as advanced

forms of artificial intelligence and android robots. Genetic engi-

neering is already under concerted attack, and there are the

38. Wilhanl Sll'll t,,Ihinbridge, (;oals m ._p,lce (AIl'_,ul)', New Yt,rk: State Llnlvcrslty of New
York Press, ItJ91).
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beginnings of a movement to ban some forms of nanotechnology.'"

Scientists in these fields may have to do their work beyond the

reach of terrestrial religions and governments, but that will be costly.

Only a goal as valuable as eternal life could motivate investment
in substantial scientific infrastructure on the Moon or Mars.

Calculation of the geometric realities facing colonization of

the universe suggests that there might not be enough room in the

galaxy for endless copies of absolutely everybody. The population

of an expanding sphere of inhabited worlds increases according

to the cube of its radius, while the surface area from which col-

onization ships can directly reach new solar systems increases

only as the square of the radius. 4'' To some extent, this problem

can be dealt with by gradually increasing the time between lives.

But unless a means of instantaneous interstellar travel is devised,

the rate of expansion of the human population is limited. _'

The answer is a simple one. A person must earn a new life

by contributing in some way, direct or indirect, to the development

and maintenance of the entire system that explores and colonizes

space. Thus, each generation has a moral contract with the ones

that follow. Every person who contributes substantially has a

right to expect at least one more life. Future generations must

honor that promise if they are to have any hope that the genera-

tions after them will grant them a second life as well.

39. Bill ,Joy, "Why the Future Doesn't Need Us," Wired (April 2000).

40. Wilham Sims BambrJdgc, "Computer Simulation of Culrura] l)ni't: LJmiration_ on

Inter_rellar Colonizatton," Journal of the Brtt_sh Interplaneta_3' .%cwty (1984) _7: 420-429.

41. Sebastian von Hoerner, "Population Fxplosmn and Interstellar Expansion," lmfrnal o[

the Brtttsh Interplanetary Society (1975) 28:691-712.
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As noted above, many human populations are failing to

reproduce even at the replacement level and are destined to vanish

gradually from the Earth through an insidious form of genetic

suicide?: In particular, highly educated nations and groups

whose religion or philosophy does not encourage childbirth are

failing, whereas uneducated populations and fundamentalist

groups are growing. Well-educated people can enstlre the demo-

graphic growth of their population through interstellar immortality.

By "arrival of the fittest," those with the most advanced minds

and cultures will spread across the galaxy.

Even a very low birthrate per lifetime can cause population

growth when an individual has many lifetimes in which to

reproduce. Additionally, some individuals who make extraordi-

nary contributions to human progress may thereby earn the right

to live out several lives simultaneously in different solar systems,

reproducing themselves as well as giving birth to children who

are distinct personalities.

We have the technology, already today, to begin archiving

human personalities at low fidelity within what I call Starbase, a

database destined eventually to be transported to the stars. To

gain entry to Starbase, a person must contribute significantly in

some way to the creation of interstellar civilization. One way is

to help develop technologies for archiving and reanimating

42. Nathan Ke)'fitz, "The I amdy that Does m)t Reproduce Itself," Ih'hm. Repl, wement

I'ertthty m Imlustrlal .%rJr'wiles, ¢d. Kingsley I),n i_, MIkhail l_,crnstam, and Rita Ihcard, J-

('ampbell (('anll_rldg¢, Fngland: Cambridge Lhu_vr,slty I'rt'_s, 1_J87), pp. 1 ]9-154: Ben .J.

W.Ittenbcrg, "lhe Bn'lh I)t'm'lh (New '_'_l k: l;all,mtine I_,t)_ks. I_J87).

61 .....



Looking Backward. Looking Forward

human personalities at ever higher fidelity. Another is to work

toward the establishment of small human colonies, first on the

Moon and Mars, where Starbase can be headquartered and

where serious work on reanimation can begin.

When the time comes for the first interstellar expeditions,

they will be carried out not by biologically based humans in their

first brief lifetimes, but by eternal Starbase modules incorporat-

ing the archived but active personalities of the crew and

colonists. At the destination, the crew will not waste its time ter-

raforming planets, but will adapt the colonist into whatever form

(biological, robot, cyborg) [that] can thrive in the alien environ-

ment. Subsequent waves of colonists can be sent as radioed data

files in a technically feasible version of the old science-fiction

dream of teleportation.

A Starbase movement could offer the stars to people living

today, and this realistic hope would motivate us to create first an

interplanetary then an interstellar civilization. It draws upon

advanced technology from fields other than rocketry, and it

promises to serve the instinctive desire for survival. By conceptu-

alizing human beings as dynamic systems of information, it har-

monizes with the fundamental principles of postindustrial

society. Such a movement could provide powerful new motiva-

tions for a second spaceflight revolution.

In conclusion, ancient Greek scientists knew that the Earth was

a sphere, and they understood roughly how large it is. However,

the classical civilization of Greece and Rome failed to exploit that

knowledge, send expeditions to the Americas, and colonize the

New World. Similarly, our more technically advanced civilization
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understands the fundamental scope of the galaxy, yet we seem to

lack the cultural dynamics and social organization required for

interplanetary let alone interstellar travel and settlement.

Pessimists might conclude that we should tear down our

present civilization quickly to hasten the next Dark Age, so that

the successor spacefaring civilization will get an earlier start. But

the seeds of each new civilization need to be securely planted

within the old--just as Christianity took root within classical

society and later helped shape industrial society. Two thousand

years ago, Christianity was but one of many cults vying for attention

within the Roman Empire, but it rose to become the most influential

movement of all human history. Thus, optimists would attempt

to launch many space-related social movements in the hopes that

one of them would eventually take humanity to the stars.

At the extreme, optimists and pessimists might agree that

the human species, as it is currently defined, simply is inferior to

the task. With a lifespan generally under a century, we require

quick returns on our investments, and our instincts are too eas-

ily satisfied by modest lives on our home planet. But extreme

optimists differ from pessimists in that they imagine we can

evolve into something higher, a truly cosmic species for whom all

the universe is home.

Count me among the optimists. Probably, many intellectual

leaders and policymakers in the standard aerospace agencies and

corporations will find the Starbase idea too radical for their

tastes. Yet business as usual is not going to create interplanetary

civilization. In time, the standard institutions of Western civilization

will disintegrate, like those of thc Roman Empire 1,600 years
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earlier. Already we see demographic trends that are extremely

worrying--unchecked population growth in the poor countries

and impending collapse in most advanced nations. Human

exploration of the universe through an aggressive space program

has nearly stalled. The future demands a new spaceflight social

movement to get us moving again.
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Sputmk 1.
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I would like to take a broader historical view of the space race and

look at the relationship between the Soviet Union and the United

States in the early years of the space race. Then I would like to add

some thoughts oll the writing of history and how we understand it.

In the past ten years, our view of the space race has

changed dramatically. Much of this has had to do with the fall

of the Soviet Union and the subsequent availability of an

unprecedented amount of information that has allowed us to

rewrite that one side of the history of the space race. Previously,

we only knew bits and pieces of what the Soviets did. Now we

know not only what they did, bur why they did certain things,

which is an important aspect of writing history. Writing history is

about making sense. It is about building patterns, about putting

together pieces and making those pieces fit. It is nor about

chronologies. The writing of this new history indicates a funda-

mental maturity of our field and space history. We are now able to

move from chronologies to making sense.

One of the things that 1 want to talk about today is how

we have understood the space race. Traditionally, we have

viewed it in terms of action and reaction. One side reacted to the

other and did certain things, and then the other side reacted to

that. St) there was this chain reaction of events.

The new historical record suggests that's not so far from the

truth, but perhaps we need a slightly more nuanced approach. I

would like to touch on three very important milestones in the

space race and reexamine those events in the light of new infor-

mationiSputnik, the flight of Yuri Gagarin in 1961, and the

Moon race.
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Sputnik has been considered the first big milestone in the

space race. For over forty years now, we have considered Sputnik

the first shot, the opening salvo. I would not disagree that Sputnik

was the first physical manifestation of the space race, but I

would argue that the space race actually began before Sputnik.

As most of you know, Sputnik was launched during the

International Geophysical Year, a period of intense scientific

research organized by scientists all over the world. There were a

number of key proposals from the American side to participate

during the International Geophysical Year [IGY].

As most of you know, the Eisenhower Administration

announced in July 1955 that the United States would launch a

satellite during the IGY. The reasons behind that decision are

fairly complex, and so I will not go into that.

But what's most interesting from the Soviet side is how

they reacted to this announcement. This announcement by the

Eisenhower Administration set up a series of deliberations on the

Soviet side about how they should react. These deliberations cul-

minated in a project to preempt the American side by launching

a huge scientific observatory. So, for the Soviets, the race had

already begun immediately after the Eisenhower Administration's

announcement.

An interesting sidebar to this occurred in late 1956, when

Wernher von Braun's team-tested a missile. The Soviets mistakenly

believed that this missile was actually trying to launch a satellite,

which shook them. This misperception fueled a Soviet sense of

urgency that "we have to do this before the Americans." Thus,

they dropped their plans to launch this huge scientific observatory
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and decided to latmch a small metal ball, which they could

quickly do. Of course, we know that small metal ball as Sputnik.

So this new information asks us to reconsider and reframe

certain events that we know as thc "Holy (;rail" of history. In one

sense, the space race might not have begin1 on 4 October 1957, but

rather it perhaps began two years earlier. That's an important

distinction that may lend us to think about these events in a

sharply different way.

Thc second issue is Yuri Gagarin's flight in 1961. Certainly

apart from Sputnik, no other event has been more important for

both sides in thc early years of the spacc age. For the Soviets, this was

their high point, their peak. For the Americans, Gagarin's flight was

important becausc ir set off deliberations that led to the decision to go

to the Moon. Again, this demonstrates an action-reaction dynamic.

The new information _llso suggests that the Soviets really

were reacting to the Americans, or at least what they thought the

Americans were doing. Gagarin's flight was planned almost as a

reaction to Mercury, and the timing of his flight was, in many

ways, a reaction to what von Braun and others were thinking in

terms of when NASA would launch the first American in space.

A lot of it had to do with timing, but a lot of it was pure luck.

It could have easily been Alan Shepard who was the first human

in space. It turned out to be Yuri Gagarin. But there definitely

was an action-reaction dynamic, and it's important to take that

into account in looking at other events in the space race too.

Finally, I would like to go to thc third issue, which is the Moon

race. We know that the Sovicts werc in a race to the Moon with

the United States, and they tricd hard. Kenncdy committed
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NASA to a Moon landing in 1961. It was a national goal. But

the Soviets hardly took notice. In 1961, they had just launched

Yuri Gagarin and had no reason to feel threatened. It was only

in 1964 that they really began to think seriously about a Moon

landing. It was a national priority only in 1967, which was too

little, too late.

The action-reaction dynamic also plays into the Moon

race. One of the interesting things that I have discovered in my

research is how American information seeped over to the other

side and how the Soviets dealt with it. Apollo is an interesting

case because repeatedly throughout the 1960s, the Soviets sim-

ply did not believe that the Americans would make it to the

Moon by 1969. They really had this feeling, and you would see

this in documents. "Well, yes, they've got this equipment ready

and that equipment ready, but it would just be impossible for

them to make the 1969 deadline." What really shook them up

was the Apollo 8 mission in December 1968, because this

impressed upon the Soviets the imminent reality of a human

Moon landing. But again, by then, it was too little, too late.

1 think what all of this indicates is that, in some sense, the

seeds of the Soviet failure were actually laid much earlier in the sense

of complacency that emerged after Gagarin's flight. In some

ways, the Soviets believed that "we're the best already," and it

was too late before they realized that the U.S. was committed to

Apollo and, thus, was a real threat.

Another interesting point concerns the post-Apollo period.

The Soviets handled their failure in an unsurprising way, given

that they had hidden their effort in the first place. They responded
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to Apollo by saying, "Well, we weren't in the race at all," and

for many years, this denial was accepted lore for most Western

observers. Because of this Western notion that "Well, we were

just racing ourselves," many critiques of Apollo emerged.

Whether or not one thought Apollo was a good or a bad thing

for the ultimate future of the American space program, the value

of it as an international competition and a demonstration of

supreme rivalry was called into question for many years. During

the 1970s and 1980s, many critics were frustrated and disap-

pointed that "we've spent st) much money and effort to get to

the Moon first, and yet, there was no race after all."

Of course, in the past ten years, we have understood more

clearly that there was indeed a space race. We know it was hard-

fimght, and we know the Americans won. I think this is one

example of how history itself is dynamic and changing, pointing

out that nothing is fixed. I expect that how we remember the

Moon race forty years from now will be quite different from

how we remember it today.

We should not compartmentalize history into saying that it

is restricted by artificial boundaries and we can only understand

history by looking through these blinders. We need to broaden

our perspective by looking at the other side and trying to under-

stand the action-reaction interrelationship that was going on in

the 1960s and 1970s.

I would like to end with some final thoughts on how we

evaluate history. Professional and academic historians often

want to write about events and people from some measure of

dispassionate distance. We tend to evaluate space history

I
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through contexts such as geopolitics, the Cold War, the missile

gap, and presidential administrations. But there is also some-

thing to be said about imbuing history with the essence of what

makes people want to do certain extraordinary things. If we look

at the flight of Yuri Gagarin or the flight of Alan Shepard, it is

almost impossible to see these as events outside of the Cold War.

But I think it is also important to recognize how important

the flight of Yuri Gagarin, for example, was simply in the course

of human history. It was the first time that a human being had

left the planet Earth. I think that historians should not be afraid

of appealing to that sense of the human imagination--to step

back from geopolitics and the ([;old War to see an event from a

much broader perspective. I hope historians can take up that

challenge in the future.
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NASA'ssafety priorities.
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From the first days of the Mercury prograln to today's efforts

aboard the International Space Station, human safety has always

been the primary consideration for human spaceflight.

Looking backward, consider NASA's first attempts to reach

space without human crews. Rockets tipped over, rockets exploded

on lift off, rockets careened off course.., it sure didn't look safe.

Before we could put a life at risk, the rockets had to be

made safer. How? Mostly through the application of brute-force

engineering--essentially the "Fly, Fix, Fly" approach.

This approach did eventually lead to safer rockets; how-

ever, to produce a spacecraft intended for routine human flight

into space, NASA needed to design safety into the vehicle, not

just add safety on after a problem was discovered. This need
drove NASA to become the home of some of the world's best

design engineers and produced some of the best system safety,

quality, and reliability engineers.

NASA demonstrated through the Mercury program that we

could launch a human into orbit around the Earth and recover

the astronaut and spacecraft safely. During the Gemini program,

we perfected complex rendezvous and docking in space, and per-

formed spacewalks. Both astronauts and equipment operated safely

during longer durations in space. By the time the Gemini program

ended, NASA was doing what was once thought impossible.

Even with increasingly complex equipment and quick turn-

arounds between missions, the astronauts always returned home

safely. Success was becoming routine and expected.

NASA experienced a rude awakening in .January 1967,

when the Apollo 1 capsule burst into flames during a preflight
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ground test. The three astronauts performing the test perished in

the blaze. The test had called for simulating a launch configuration,

so the capsule was pressurized with 100 percent oxygen, and the

hatch was sealed. Investigators determined that an electrical

short sparked the fire. In a 100-percent oxygen environment, the fire

quickly engulfed the capsule. But the test was being performed

with an unfueled launch vehicle, so it was not considered haz-

ardous! NASA never considered the possibility of a fire during

the test---crew evacuation and fire suppression were not part of

the test scenario.

NASA responded to this tragedy by strengthening safety

oversight, clarifying responsibilities, improving communications,

improving test safety analysis and emergency procedures, and

making safety design enhancements to the Apollo spacecraft.

Congress established the Aerospace Safety Advisory Panel to

provide an independent review of the safety of NASA programs

and operations. NASA established an Office of Flight Safety,

independent of the flight program office, to review all aspects of

design, manufacturing, test, and flight from a safety standpoint.

NASA recovered from this tragedy. NASA astronauts

landed on the Moon six times and returned safely. The Apollo

13 mission demonstrated that NASA could recover from a serious

technical mishap and return the crew safely to Earth. In the

1970s, NASA conducted the Apollo-Soyuz program and the

Skylab program--logging more human spaceflight success.

For a period of time, America did not have a regular human

presence in space. Throughout the 1970s, we were developing

and building the next generation of [thel reusable space vehicle,
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the Space Shuttle. In the mid- 1970s, Agencywide advocacy for flight

safety became the responsibility of the NASA Chief Engineer.

From 1981 to 1986, NASA flew twenty-four Space Shuttle

missions. Although we experienced some anomalies along the

way, the astronauts always returned home safely.

Again, success was becoming routine--until a cold January

day in 1986, when the Space Shuttle Challenger suffered a major

failure in the seals of one of its boosters and exploded 73 seconds

after liftoff. All seven crewmembers were killed.

In the painft, l months that followed, there were indepth,

critical reviews by NASA and external bodies. The Shuttle pro-

gram was grounded, and each safety practice was dissected and

examined. Safety goals and procedures were revisited_ even orga-

nizational and individual attitudes were considered. The reviews

found a number of management flaws. For example, O-ring seal

problems in the boosters had surfaced on previous missions.

However, this information was not widely circulated. Concerns

expressed by safety engineers did not always reach management

in a timely manner. Additionally, the magnitude of the risk and

the associated ramifications may not have been fully understood

by the decision-makers. There had been growing pressure on

NASA to launch tile Shuttle regularly and on schedule. No one

believed that they had enough data to prove that the launch was

not safe. A collective mindset evolved--if no one could prove

that the launch was unsafe, it must be safe!

In the few years after the Challenger accident, NASA put

in place a number of improvements to its safety program. These

included:
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• Creating an independent safety organization, reporting

directly to the Administrator.

• Increasing the budget and staffing for safety, reliability,

maintainability, and quality assurance.

• Improving communications. NASA created an additional

avenue to communicate safety concerns in a confidential

manner--the NASA Safety Reporting System.

• Strengthening risk-management programs and initiating

significant problem reporting, trend analysis, and inde-

pendent systems assessment capability.

These improvements form the basis for today's Safety and

Mission Assurance Program, and since return-to-flight in 1988,

every NASA Space Shuttle flight has flown and landed safely.

How has human spaceflight safety advanced over the past

forty years? Well, for one thing, we know more. We know more

about engineering, materials, and robotics. Safety and mission

assurance tools are much more advanced. We have the capability

of improved nondestructive evaluation, and we can do computer

modeling and sophisticated "what if" scenarios.

Today, we know more about program management and

more about what it takes to fly safely. We know that there are a

million things that can go wrong, and we know that we can

never become complacent. We will not allow ourselves to be bul-

lied by schedules, and we won't let cost constraints make us

skimp on safety.

We don't ask our engineers and managers and experts to

prove it is not safe to fly. Rather, we ask them to prove that it is safe.
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This is a philosophical change from the days before Challenger

and a fundamental management principle for safety of flight.

Today's human spaceflight safety prelaunch assessment

review process is independent and comprehensive. For each launch,

NASA managers prepare a Certificate Of Flight Readiness--we

call it the COFR. Before I sign the COFR, I must personally

understand all the safety issues and their resolution. If I do not

have confidence that everything has been done to make the flight

as safe as it can be, it is my job to not sign the COFR. The

Administrator would not have it any other way.

The International Space Station heralds a new era of space

exploration for America. On this program, safety is NASALs

highest priority. My staff performs continuous oversight and

independent assessment on the design, development, and operation

of the International Space Station.

In sum, I'd like to describe the illustration shown Ion page

741. This picture represents NASALs safety hierarchy. We articu-

lated the safety hierarchy a little over two years ago, as part of

our quest to be the nation's leader in safety and occupational

health, and in the safety of the products and services we provide.

The safety hierarchy stresses that we are all accountable for

assuring that our programs, projects, and operations do not

impact safety or health for the public, astronauts and pilots,

employees on the ground, and high-value equipment and property.

When people are thinking about doing things safely,

they're also thinking about doing things right. And for the past

couple of years, we've had some pretty good results. In the time

since the failures of the Mars 98 missions that occurred in late
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1999, every NASA spacecraft launch has met the success objec-

tives, and every Space Shuttle mission has safely and successfully

met all mission objectives. Now 1 can't say that NASA's safety

program is solely responsible for these achievements, but, as we

like to sa); "mission success starts with safety."

In the future, looking forward, we will continue to make

spaceflight even safer. That is NASA's vision. That is NASA's

duty to both those who will travel into space and the American

people who will make the journey possible.
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President John E Kenned)' speaks before a crowd of 35,000 people at Rice

Universit 3, on 12 September 1962. NASA Image 69-HC-1245.

82



What If? Paths Not "l'aken---_]_hn M. D_gsdon

1 want to ask all of you to join me fi_r a few minutes in a men-

tal experiment. There is a certain sense of determinism as we

review a period of history, like the forty years of U.S. human

spaceflight. There is an implicit assumption that there were no

alternatives to the way things happened. If you step back even

half a step, you know that's not true; that along the way, history

could have been very different if different choices had been

made, if different events had happened. So I have arbitrarily

picked a few situations in those forty years and invite you to ask

along with me: "What if things had been different?"

This notion of counterfactual bistory has some legitimacy.

1have used it as a class assignment for nay students in space policy,

asking them to write about what might have occurred if different

choices had been made. Dwayne Day, a former student and now

a colleague, has suggested a whole symposium on counterfactual

space history, and that might be an interesting thing to do someday.

As I looked into preparation for this talk, I discovered there is a

body of literature on counterfactual history. And, not surprisingly

in the lnternet _lge, rbere are even Web sites devoted to the topic!

So let us start with the first "what if." The Mercury

Redstone 2 flight on 31 January 1961 carried the chimpanzee

Ham. It went too high and too fast. Ham experienced over 10-Gs

on reentry, and the spacecraft landed several hundred miles

down range. He was a very angry chimpanzee when rescue teams

reached the Mercury capsule. The problem that caused the devi-

ation in flight trajectory turned out to bc very simple to identify;

it was quickly diagnosed as a malfunctioning valve. It could have

been fixed, and the next flight, which had been scheduled to
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carry the first astronaut, could have been launched without an

intermediate test flight. But even in those days, safety was criteria

number one. So Wernher yon Braun and his team insisted on a flight

of the repaired booster with a dummy spacecraft; that flight took

place on 24 March 1961. The reality is if the 31 January flight

had been successful, then the 24 March flight could have carried

Alan Shepard. He would have been the first human in space, not

Yuri Gagarin.

What might have been the impacts of that? It is reasonable

to speculate that the Soviet reaction, the U.S. reaction to Yuri

Gagarin's flight, President Kennedy's subsequent reaction to the

Gagarin flight, the press reaction, and the political reaction that

provided the fuel for Kennedy to ask his advisors to find a dra-

matic space program with which the United States could "win"

might all have been entirely different. It is quite possible that the

United States would not have decided to try to surpass the Soviet

Union in spectacular space achievements. Then a very different

space history would certainly have evolved.

Here is another possibility. In President Kennedy's inaugural

State of the Union address, he invited the Soviet Union to coop-

erate in the exploration of space. In fact, early on, he had tar-

geted space as an area for trying to develop mutual confidence

and reduce tensions with our Cold War adversary. Kennedy was

forced by the reaction to the Gagarin flight to compete, but he

never gave up the cooperative idea. There's a book called One

Hell of a Gamble' that traces the fact that Kennedy, between the

1. Aleksandr Fursenko and Tmlothy Naftah, One Hell of a Gamble: Khrushchev, Castro,

and Kenned); 1058-1964 INew York: W. W. Norton and Company, 1997).
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time he received tile memo recommending Apollo and tile time

he announced Apollo on 25 May 1961, kept asking the Soviet

Union "might you want to cooperate in space?" He received no

response from the Soviets, so he wcnt ahead with his speech on

25 May. Ten days latel, in Vienna, he met Nikita Khrushchev for

the one and only time and suggested "Why don't we go to the

Moon together?" As Asif Siddiqi has suggested, at that point, the

Soviet Union didn't have a lunar program, really didn't take the

United States very seriously, and the official party line was to

link cooperation to general and complete disarmamellt. So there

was no positive response from Khrushchev.

Kennedy never really went away fi'om the idea. In September

1963, at the United Nations in the most public possible way, he

suggested, "Why should this be a matter of i_ational rivalry?

Why don't we do it together?" Khrtlshchev's son, Sergei, has

written that at that point the Soviet leader was beginning to

think more about cooperation. Kennedy, ten days before he was

assassinated, sent a memo to Jim Webb asking for a plan to coop-

erate with the Soviet Union in space, including a cooperative

lunar-landing effort.

What would have happened if Khrushchev's answer had

been yes? Well, there are lots of possibilities. If the answer had

been yes at Vienna in 1961, for example, the political support

that made Apollo possible likely would have collapsed. This

political support was based on competition, on the idea of the

United States gaining a preeminent position in space. So if the

Soviet Union had accepted Kennedy's offer, I'm not sure Apollo

would have ever happened.

__ I
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Could the Soviet Union have carried out its part of the pro-

gram if cooperation had taken place? It is not clear whether the

post-Khrushchev leadership of Brezhnev and Kosygin would

have been as committed to this. It is also debatable whether the

Soviet Union could have contributed to the program in the ways

that would have made international cooperation possible.

Alternatively, if Kennedy had not been assassinated ten

days after he had signed the government directive to find ways

of cooperation, perhaps cooperation could have worked. Maybe

the United States and the Soviet Union, the leading space pow-

ers in the 1960s, could have found a way to join forces. If that

had happened, other things such as the International Space

Station might have happened much sooner. It would have set a

precedent for collaboration in space exploration which we are

working on making succeed now. We might have been able to

start down the cooperative path thirty to thirty-five years ago.

Here is another counterfactual notion to consider. Most of

you are familiar with the 1969 recommendations of the Space

Task Group that the U.S. accept a post-Apollo goal of manned

planetary exploration before the end of the century and build a

series of large space stations during the 1970s as steps toward

that goal. What if, instead of rejecting that report out of hand in

the aftermath of Apollo, Nixon said, "Yes, we'll do that." What

might have happened? There is a fascinating book called Voyage, _-

by British engineer Stephen Baxter, that starts with exactly this

2. Stephen Baxter, Voyage (Wilham Morrow and Company, 1997).
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premise. The novel describes the first mission to Mars in the

1980s! It's a very enjoyable piece of counterfactual history.

If we had kept the Saturn V, if we had launched a 33-foot

diameter instead of a 15-foot diameter Space Station, launched

with one Saturn V flight by the late 1970s, where would we have

been? What kind of Space Shuttle would we have built? If the

Shuttle had been developed primarily as the supply vehicle for

the station, we might have been able to build a fully reusable,

straight-winged, highly operable vehicle. The Space Task Group

report called for the initial mission to Mars in 1986 or, in the

extremely ambitious von Braun version, 1982. We might have

been at Mars by now if the choice to set that destination as a

goal had been made over three decades ago.

We have all gotten used to the concept of an International Space

Station. There was not a whole lot of debate leading up to President

Reagan's late 1983 approval of the Space Station, of whether it should

be international or not. The advocates of the international approach

knew that there was opposition within the Reagan administration.

So they didn't have it debated as part of the original decision package.

The decision to make the station international came at high levels

of the administration in the weeks before Reagan's announcement of

the Space Station in January 1984. But what if the program had been

a U.S.-only Space Station? What if we had not included international

partnership? Would the station have survived its many budget

and schedule problems over the past two decades? Howard

McCurdy has written in his book, The Space Station Decision, _

3. H.ward Mc(.'urd._; The Space .Statt,n De_ tsum: Incremental Poltttcs ,rod "l'echm,h,gtc, d

(,brace (Baltmlore: l-hn._ Hc)pkms New Scne_ m NASA I-hst.Lv, 199 i).
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that approval of the station was a very marginal decision in terms

of political support. When the station ran into problems in the

1980s and 1990s, without the international partnerships, I think

the program would have been much more vulnerable and likely

would have been canceled.

But there is an alternative possibility. The international

character of the station program added cost and complexity to

the program. If there had been no international involvement, the

program might have gone forward, with NASA and its contrac-

tors settling on a feasible design that could be built within

budget and on schedule.

What if the decision had been made to postpone Challenger

because of the weather conditions on that January morning, and,

when the mission was rescheduled and launched, would it have

been successful? I think subsequent history would have been

much different. Here are just some of the possibilities. Maybe

there was an accident waiting to happen because of the attitude

of increasing acceptance of risk. If the accident had not come on

flight 51-L, it would have come sooner rather than later, and the

consequences for the program wouldn't have been much differ-

ent. Another possible scenario is that the Shuttle would have

become increasingly reliable. The Shuttle would have continued

to carry commercial and military payloads, not just NASA pay-

loads. The plan at the time of Challenger was to launch twenty-

four flights per year. We might have approximated that with

adequate budget and improvements in reliability.

We would not have a commercial ELV industry if that had

happened. Certainly the Challenger accident opened a window
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of opportunity. So maybe we would be using the Shuttle in a very

different way than we are today.

Another possibility is that eventually the fixation on a

Shuttle-only policy would have changed. We would have ew)lved

into a more halanced and appropriate mixed-fleet strategy and

be about where we are now.

Here is a final counterfactual possibility. The notion of

inviting Russia to join the Space Station program has multiple

parents, including Dan Goldin, Yuri Koptev and Yt, ri Semenov

in Russia, and l.eon Furth, who was AI Gore's National Security

Advisor. There were many reasons to invite Russia into the pro-

gram, but it was not a straightforward yes or no proposition.

There was some significant skepticism about the wisdom of the

idea. If Russia hadn't been inch,ded in the International Space

Station program, what might have happened instead?

It may help to recall that in .June 1993, the House of

Representatives approved the NASA budget, including the Space

Station, by one vote, 216 to 215. Bringing Russia in changed

that to a hundred w)te margin the next year. The Space Station

was on the path to cancellation in the early years of the Clinton

administration. It is thus a very plausible claim that bringing

Russia into the partnership saved the station program, and,

without Russia, it would have been canceled, and we would not

have had to worry about all the problems with Russia as a partner.

Looking back at that period, the redesign team and then

the advisory group m the White House, headed by MIT president

Charles Vest, had several options that they looked at without

Russian involvement. They believed that there were some good
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options for a station redesign. It is possible that we could have

come out with a good station program, on budget, on schedule,

if Russia had not been brought into the partnership.

A final possibility is that what has happened would indeed

have occurred. As the United States and its existing partners

found out how hard the station was and grappled with running

the program as a multinational venture, including crew rescue

vehicles and all the power modules that are required, the pro-

gram would have ended up looking more or less as it has looked

over the past decade.

I think the point of this exercise in counterfactual thinking

is twofold--first, to recognize that not only have choices been

made in the past that defined the character of what has hap-

pened and that different choices were possible and would have

led to different outcomes, and, second, that we are currently

making similar choices for the future. Today's choices obviously

will have significant long-term consequences for space develop-

ment. Decision-makers have an image of a desirable future when

they make choices, but they also realize that the link between

current choice and desired result is always uncertain. As the

philosopher Yogi Berra is often quoted as having said, "making

predictions is hard, especially when they are about the future."
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Buzz Aldrin inside the Apollo 11 Lunar Module on 20July 1969. Tbls tmage was

taken by Neil Armstrong, mission commandel, before the two astronauts landed

on the Moon. NASA Image 69-HC-893.
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I got involved with spaceflight in a peculiar way. 1 graduated

from West Point at a time when there was no Air Force

Academy. I went in the Air Force at tile time of the Korean War,

and while there, 1 shot down a couple of MIGs. Years later, this

led me to want to look at the extension of air travel into space.

At MIT, I worked on intercepting other spacecraft.

Based upon that education, 1 got into the space program,

not by route of the test pi[ot schoo[. I was inwflved in a more

esoteric, egg-headed approach. I did help to train the people who

were on tile first rendezvous missions.

I was slated initially on the backup crew for Gemini 10.

That meant that I would skip two missions, and then I would fly

on the prime crew with tile next one. The only trouble was there

was no Gemini 13. Because of a tragic aircraft accident that took

the lives of the primary crew on Gemini 9, they had to make

some crew adjustments. So Jim l,ovell and 1 flew on Gemini 12.

On that mission, 1 was able to take my SCUBA-diving expertise

and training underwater for spacewalking and helped to teach

some of the Navy people how to do spacewalks. Then, in the

infinite wisdom of the Air Force, I was asked to command tile

test pilot school after I left NASA, even though I had never been

through any test pilot training.

After awhile, I took what I did at MIT and developed the

idea of cycling orbits. As an extension of rendezvous, I extended

that to the situation of going to Mars. Finally I got arotlnd to

writing a science-fiction story about going to the stars. I would

recommend that you takc a look at that because there's an awful

lot of what I think we could be doing in the near futurc that is
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in that book? In this story, the first human crews reach the

moons of Mars in December 2018, fifty years after the crew of

Apollo 8 reached the Moon. That is still a valid target that I

think we can move toward.

Because of the cost of launching rockets, it looked to me as

though there might be a need for some improvements in the

Shuttle system. So I embarked on looking at fly-back boosters

for the Shuttle. Those are pretty big machines, so we backed off

looking at the Zenit as a reusable propulsion module inside of

an airplane, and we started looking at Atlas 3.

I put together a company called Starcraft Boosters about

four or five years ago. Then I also realized that a lot of people

want to get into space. So I formed a nonprofit company called

Share Space. I'd like to share some of my thoughts about what

Share Space and our nation could do together.

Forty years ago, President Kennedy responded to Soviet

space exploits by setting a course for the Moon. A similar bold

stroke is required to answer the Soviet Union's inauguration of

passenger travel to the International Space Station.

Passenger space travel is a huge potential market--big

enough to justify the creation of reusable launch vehicles. Their

low cost and high reliability will give the nation that develops

them enormous commercial and military advantages over

nations that continue to rely on today's space launchers.

1. Buzz Aldrin and John Barnes, Encounter wah Tiber (New York: Warner Books, 1997).
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Current systems fail 5 percent of tile time on cargo flights

and 1 percent of the time on crude flights, and they are very

expensive, on the order of $5,000 to $10,000 per pound of

cargo or people sent to orbit. Embracing passenger space travel,

which leads to reusable vehicles, will reduce failure rates and

costs by one or two orders of magnitude. The Share Space

Foundation wants to ensure that America reaps the benefits of

passenger space travel

A near-term step is using the Space Shuttle to carry out eco-

nomic and medical research on passenger space travel. Each year,

more spare seats are available on Shuttle flights than on the Russian

Soyuz missions. The Share Space Foundation would like to award

these Space Shuttle seats to journalists and to winners of lotteries,

auctions, and televised competitions.

As a nonprofit organization, Share Space would use part of

the proceeds for research into the medical and training issues

involved in passenger travel. This knowledge will speed the

design of next-generation vehicles to serve the passenger market.

The rest of the proceeds might go into a fund to underwrite

the cost of developing reusable launch vehicles. Reusable space

transportation is the key that makes space affordable, enabling

everything from expeditions to Mars to providing pollution-free

electrical power to Earth. In addition, if the United States leads

irl the development of such vehicles, it will be the nation with

effective control over the most militarily important high ground

of the twenty-first century.

A little over a year ago, I worked with some people from

the University of Texas, Massachusetts Institute of Techno[ogy,
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and the Jet Propulsion Laboratory to put together a paper for the

American Astronomical Society entitled "Earth/Mars Transportation

Opportunities, Promising Options for Interplanetary Space

Transportation." We looked at cycling orbits and how we might

build a spacecraft incorporating this concept. This was a three-cycler

system, and we are in the process of doing an update on that

paper for the American Institute of Aeronautics and Astronauts.

Now the space transportation elements that we're working

on consist of two pillars. One of them is two-staged orbit, and it

comes in three sizes--small, medium, and large. The other pillar

of space transportation is Shuttle-derived cargo and habitable

volume. That's based upon the external tank and tanks above

that that would put up habitable volume.

For small boosters and orbiters, we could use the solid rock-

ets on the Evolved Expendable Launch Vehicle (EELV) programs.

We could also use a Russian engine, RD-120, which is the upper

stage of the Zenit rocket. In orbiter small, there is an Air Force

research lab, reusable upper stage, that they have in mind, and

there's also an Air Force space maneuver vehicle that could be

available and boosted with varieties of this booster small which,

of course, can apply to the EELV program as it goes out this way.

The booster medium is what we would nominate as the

star booster 200, and it has the unique property of having a

rocket inside of it, the Atlas 3 rocket, with the RD-180 engine.

Now the booster and orbiter medium could conceivably come

on line relatively quickly and could provide crew-only transport

for ten to twelve people to low-Earth orbit. Three starts could be

made in this four-year period, this first administration.
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The orbiter medium has a pod that can be ejected from the

pad or from anywhere in flight. The essence of that ejectable pod

and its capacity and its systems could also be used as a lifeboat,

similar to the X-38. The orbiter medium, when boosted by one

booster, goes into low-Earth orbit. With two boosters and a

tank, it can then rendezvous with things at the L-1 port. The L-1

port really comes from the habitable volumes that are put up.

We would envision looking at a prototype during this period and

actually launching one before the end of the year 2008 into the

space station orbit of the International Space Station, where it

could supplement what we think is a desirable thing . . . an

orbiter on station. Owen Garriott, who flew on Skylab, has been

pioneering the activity of long-duration orbiters that could be

left at the Station and relieved on Station by another orbiter,

thereby relieving the burden of having to rely on the lifeboat

Soyuz and a half module, both of which have been sort of post-

poned now by NASA because of cost overruns. The booster

large now is a fly-back booster for the Shuttle, and two of those

go with the Shuttle system as it proceeds toward phase out. One

large booster launches an orbiter large into low-Earth orbit for

Space Shuttle transportation two into the future.

With two boosters and a tank, it can then go to high orbits,

which means it can intercept cycling space ships. Cycling space

ships are a derivative of what we first put at the 51.6-degree

inclination and then work close to the International Space

Station, perhaps take the nose section of the tank and put it

actually on the ISS as a larger half module than we plan to do

right now.
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The next series of habitable modules would go to 28.5

degrees and would eventually serve as Shuttle-derived quarters

for astronauts. Shuttle-derived quarters for tourists eventually

can become a lunar cycler, as we have two of these now in Earth

orbit. We can be taking adventure travelers in the orbiter large

now to these facilities. They've been going through a check-out

phase here. The driving force for all of this architecture is high-

volume traffic, which is required to make transportation of

adventure travelers economical. You can't make a profit out of

ten or twenty people once a month or once a week. You have to

have sixty or eighty people every other day or more frequently.

Regarding the booster medium, there are existing elements

such as the tank. There are also new elements such as an airplane

that houses the Atlas 3 rocket. We have this sort of capability where

we can replace the Delta class and the Titan 4 with upper stages

boosted by the propulsion modules. It replaces the solid rockets on

the Shuttle, and the fly-back boosters eventually replace the solid

rockets on the heavy lift rocket that puts up both habitable volumes

or two empty oxygen tanks or cargo that's going to the Moon or Mars.

We are also using Star Booster 200s with Atlas 3s in them,

and we're using Castor 120s and a center stage. This will put 6

tons to geo-transfer, which accommodates most of the payloads

going to geosynchronous orbits. If we want to match the Titan,

then we use a larger booster here. It's launched vertically on the

pad, and we obviously are not burning the solid rockets at

liftoff. The boosters burn to fuel depletion at about Mach 5.5 or

6, so that the thermal protection system on the booster can be an
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aluminum heat sink. A few seconds after separation, the upper

stage ignites and goes on and performs its mission.

The booster rocket is unpiloted, so naturally it will re-enter the

atmosphere straight ahead. When it gets into enough atmosphere, it begins

automatically turning back to the launch site. We showed this system

to Bert Rutan, and it took him the longest time to realize that this

was not taking off horizontally, but it was a vertically launched,

unmanned vehicle. As I mentioned, this one booster can be

mated with one orbiter of the same shape or of a shape of a

derivative from the present Space Shuttle. We favor internal oxygen

and external hydrogen for safety reasons and for the size of the

orbiter vehicle .... The cruise back is about 200-300 miles, and

we land robotically at 150 knots, and, when we're back on the

runway, we then can remove the propulsion module and improve

the reliability of the best rocket engines that are available.

When we have better rocket engines than the Russian RD-120s

or RD-180s here, then we would institute these. We would

expect that the fly-back booster might he built by Lockheed and

might also have RD- 180 engines on it, because I imagine that the

orbiters from the space maneuver vehicle to the orbiter medium

and the orbiter large that I envision would most likely be built

by the world's biggest airplane company that acquired another

airplane company, and then it acquired the company that built

the present Shuttle.

It's been a pleasure for me to come back here on this day

that honors one Shepard, and we're going to hear from another

Shepherd a little bit later.
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Astronaut Robert Crippen, pilot of the first Space Shuttle mtssion (STS-1), m the

cabin of the Columbia orl_iter during a mission smmlati¢m on 10 October 1980.

NASA hm&¢e 80-HC-600.
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I like to look fi_rward, but I am also a great student of history. 1

believe there are many lessons, both positive and negative, that

we can learn by looking hack. Quite often, we tend to forget

some of those.

I'd like to speak a little bit about the era in which I entered

the astronaut corps. I joined NASA in kind of a weird way--in

the time period when everybody going into space was a test

pilot. I was attending the Air Force Test Pilot School, even

though I'm a Navy guy. In that time period, they were going

through and selecting astronauts from the test pilot class, and I

put my hand up and said, "I'd like to join." It turned out that

both NASA and the Department of Defense were selecting

astronauts, and, somewhere in the selection process, I ended up

having to make a choice. There were lots of fi_lks on the NASA

list, and there weren't many folks on the Department of Defense

list, so I figured that was my best chance to fly. So I said, "Send

me to DoD for something called the Manned Orbital

Laboratory," or MOL for short.

I did get selected for that program, which was canceled for

various political reasons in 1969. During Apollo 11, when Nell

and Buzz were on the Moon and Mike Collins was orbiting

around the Moon, I and the other MOL crewmembers were

interviewing with Deke Slayton saying, "Hey, you got any room

for us in the program?" It turned out Deke said, "Okay. We

could use some of you. But there's not going to be a chance to

fly until around 1980 when we get the Space Shuttle done." At

this time, the Space Shuttle wasn't even an official program. He

said, "Well, 1 don't need all fourteen of you, though, so 1'11take

........... 10.3 -



Looking Backward, Looking Forward

everybody that's thirty-five and younger." That cut us right in

half, and 1 happened to be in the half that managed to go down

to NASA.

When I arrived there, of course, NASA was right in the

midst of the Apollo program. It turned out that we were already

starting to cancel Apollo flights because of various financial and

political reasons. But NASA had already moved a little bit out of

the test pilot regime and picked two different groups of scientists.

NASA administrators decided that scientists needed to learn

how to fly. So these new scientists-astronaut trainees initially

were sent off to the Air Force Training Command to learn how to

fly and become pilots. The first of this group to fly was Harrison

Jack Schmitt on the last Apollo flight, Apollo 17. Then there was a

scientist-astronaut on each Skylab mission. Joe Kerwin, an M.D.,

flew on the first flight, Owen Garriott was on the second Skylab

flight, and Ed Gibson was on the last.

So we were already starting to broaden the scope of what

we wanted as far as crewmembers. There was a long hiatus

between Skylab and the first Shuttle flight. The Shuttle was

announced during Apollo 16, but it took a while to develop the

Shuttle. We had one interim flight (Apollo-Soyuz mission), but

we didn't have many people in the astronaut office. I think we

got down to somewhere around twenty people. So it was pretty

small, which I thought heightened my opportunity to get [tol

fly--not like it is today with around 160 in the office.

But I was fortunate enough to be standing in the right place

at the right time when the crew selection was made for the first

Shuttle flight, and I was selected to be the pilot along with
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Commander John Young. I always need to clarify that none of

us red-hot test pilots wanted to be called a copilot. I was really

the copilot, and John was the real pilot on the flight.

1 was twenty-eight when I was selected to fly on MOL, but i

was forty-three when I flew STS-I. So sometimes it does take

perscverance. So if you have to wait a little while, it's not all that bad.

In 1978, three years before the Shuttle became operational,

it was obvious that we would need a broader category of astro-

nauts. The 1978 group was the first time that we selected what we

referred to as mission specialists, who did not have to be pilots.

We did not train them as pilots, but we did make them backseaters

on the T-38, and, essentially, they all learned to fly.

That was also when we decided that we ought to have

some women onboard. People keep talking about manned space-

flight, but it's better today to refer to it as human spaceflight. I

was taught that very well on my second flight, STS-7, when Sally

Ride was one of our mission specialists, and she kept correcting

me if 1 said manned spaceflight. In addition to Sally, Kathy

Sullivan happened to be on my last flight, and Kathy was the

first U.S. woman to perform a spacewalk. So we broadened out

who flies, the kind of categories we're looking for, and, as we

move forward with the International Space Station, we do need

more scientists rather than test pilots. This will be true even

when we go back to the Moon and go on to Mars, which we cer-

tainly will, as Mr. Goldin said.

I will conclude by saying it is going to be interesting ro see

if somebody could pull together a symposium forty years from

now and look where we're at in spaceflight. I hope some of the
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things that Mr. Goldin mentioned about the Moon and Mars

will be realities at that time. It has been a privilege for me to have

an opportunity to play a small part in that.

106



Going Commercial--Charles Walker

__ m .

...... 107



Looking Backward, Looking Forward

i
Charles D. _dker, STS-41D payload specialist, closes a stowage area fi_r biological

samples supp_Jrting the Continuous Flow Electropboresis Systems (CFES) exper-

iment in the Shuttle's middeck on 6 September 1984. NASA Image 84-HC-413.
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Robert Crippen's comments take me back to my college days,

when we were first introduced to spaceflight with the MOI.

opportunity. At that time, I was just beginning to rhink about

what space might mean in my caret1; although I'd been interested

in space for many years. I had read a lot of science fiction and

closely watched AI Shepard's first short jaunt into space followed

by Gus Grissom's.

Gus Grissom's flight actually brought it home pretty personally

because Gus grew up 12 miles from my hometown. Twelve miles

in Indiana is a long way, but still everybody is family within the

state. So we thought of Gus as a hometown hero, and that

impressed upon me that, gosh, real people can go into space.

You have to be very well qualified and physically fit to withstand

the rigors of spaceflight. But I figured that a small-town boy

from Indiana could go into space if he gets a good education. So I

went to Purdue University, the same school that Gus went to,

and graduated in engineering.

Even then, I believed that I was going to design and build

spaceflight equipment. It was only in the 1970s, as NASA began to

build the first reusable space ship, that I came to the slow realiza-

tion that, "It's not just the test pilots, not just the Bob Crippens

of the world, that are going to get go into space, but scientists

and engineers too. Gosh, I am an engineer. Maybe I can do this."

Lo and behold, I had the opportunity to go to work for one

of the largest aerospace companies in this country, McDonnell

Douglas. I specifically asked for the opporttmity to work on a

program that was going to fly equipment in space. The company

at that time was subcontracting to Rockwell, which was the
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prime contractor to NASA for producing the Space Shuttle orbiter. The

subcontract that McDonnell Douglas had was to build some of the

propulsion equipment. So they said, "Okay. You want to build

equipment that goes into space? Work on these tanks." That thrilled

me for a little while, but then I said, "That's not really what I wanted."

I was looking for an opportunity to do engineering and scien-

tific research with processes that could be commercialized. That's

the point at which I wanted to jump into the perspective of the

nonprofessional astronaut's opportunity to fly in space. Spaceflight

is certainly a personal experience, and I'll touch on that.

But I also want to reflect first on the professional experience.

My opportunity to fly came through my employer at the time.

McDonnell Douglas was looking for an opportunity to exploit

the unique microgravity environment of space. In the late 1970s, the

company selected a process called electrophoresis, which demon-

strated the capability to purify biological materials. Electrophoresis

was first very briefly demonstrated on the Apollo 14 mission. In

fluid form, virtually every biological substance is part of a very

complex mixture of proteins and cellular materials. Electrophoresis

is useful to purify pharmaceutical and other chemical products.

Purification processes here on Earth have to operate within gravity.

But for separation processes in biotechnology, we see impurities

created because of the churning in an imperfect purification

process. Going into a low-gravity environment should prevent

that from happening, and that was the theoretical basis for the

electrophoresis technology.

The early experiments didn't seem to validate that, but we

wanted to carry it forward on a scale that had not been seen
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befi_re. The Space Shuttle was the obvious way to do that. It was

the space truck. It was going to lye going into space with plenty

of cargo capability, with crew attendants to monitor and modify

the early experiments or, later on, the production processes. So

McDonnell Douglas applied to NASA for the opportunity to fly

the experiment. The first opportunity was on the Spacelah module.

Unfortunately, it looked like NASA's process of reviewing our

equipment and our processes for safety and function was going

to take up to three years.

In the business world, that's called a showstopper. When

you've got one-year research budgets, you have reviews even

more frequently, and your budgets are scrubbed one year at a time.

You have to show results. We needed to have some real signifi-

cant progress anti creative thinking in a lot less than three years'

time. This was before John Young and Bob Crippen's first mission,

the first flight of STS.

The decision was made to try to fit the experiment package

into the crew con+partnaent. Later I found out that this caused

some friction because our package was going to infringe upon

the food preparation facility space. We accepted that opportunity,

and we engineered the experiment to fly in that pressurized crew

compartnaent w+lume, rather than in the research module, and to

be tended by the crew.

The first time it happened was on STS-4, in June 1982, and

this flight was very successful. But I want to point out that it

took a big investment on the corporation's part, since this was

the first such NASA-industry joint endeavor agreement in which

there was no exchange of funds. NASA got from the arrange-
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to have that research environment where y_)u can test. You'll

scratch your head over the results, get to that "ah-ha" moment,

and then go back and try it again as quickly as possible.

Reflecting back to that flight in June 1982, the experiment

operator was one of the nvo crewmembers onboard on that mission.

The first four missions only had two crewmembers onboard.

Hank Hartsfield, in the right seat on that mission, was the prin-

cipal operator of the equipment. He turned it on and off, and

took some very good photographs that helped us evaluate the

experimental work.

It went very well, so much so that then my company asked

NASA the big question. "Say, training mission specialists and

pilots to conduct our research is good and important, hut the

best way fi)r us to obtain the maximum result is to send a

research engineer along." NASA's response was, "Well, we've

kind of been looking forward to an opportunity like that. We

don't know that now is the time, but now that you've asked the

question, let's see if we can find an answer. Maybe yes, but

they've got to meet all the qualifications that our career astronauts

do." NASA then asked my company, "Have you got anybody in

mind?" Well, [o and behold, I'd had my hand up fi_r two or three

years already. It was getting tired by that point in time, so I was

glad that NASA said maybe yes.

It took a while to go through the checkout and qualification

process, and, quite frankly, I didn't go through the routine selection

process at the same time that the astronaut candidates were

going through selection; although the process was the same. So

it was a bit of a challenge to synch up with the Astronaut Office since
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ment the opportunity to do research with our equipment. A third

of the time on orbit was for NASA-sponsored research, and the

remaining two-thirds was our time. For that opportunity and for

the integration of our equipment into the Space Shuttle and for

crew training, McDonnell Douglas invested millions of dollars.

The safety and fit checks took up to a year-and-a-half to go

through. Now this was the first time this had been done aboard the

Space Shuttle inside the crew compartment. There had been outfit-

ting for experiments in the Spacelab module, but this was different.

The process was grueling at times. A lot of engineering and tech-

nical effort was put into meeting the safety and fit requirements.

Function was different. It didn't necessarily have to function.

We didn't have to be successful, except for our own objectives.

NASA simply wanted to make sure that it was safe for the

Shuttle vehicle, safe for the crew, and that it fit in place properly.

We did fly that first time in June 1982. What was unique

about that, from a historical standpoint, is that not only were we

the first industrial payload to fly aboard the Space Shuttle, but

we also did it in an extraordinarily rapid period of time. That

year or so to prepare for that first flight was then followed by six

more flights within forty-one months. There is perhaps only one

other industry-sponsored or industry-participating space pay-

load that has had such a rapid turnaround time. That's flying

once every seven months with a different research objective.

Most of the equipment was the same, which is what allowed us

to fly so rapidly. Industry remained interested because of the very

rapid turnaround time and frequent access that allowed an evo-

lution toward a research and a commercial objective. You've got
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I wasn't even a resident there. I was still a resident in St. Louis at

the time. NASA worked with me and the company on schedules

and travel to and from Houston, and it worked out very well.

The opportunity was absolutely marvelous. It was a personal

and a professional challenge absolutely. But the opportunity to fly

with not only these tremendous career NASA astronauts, but to

go into the environment that few other human beings have had

a chance to do was a thrill beyond belief. To accomplish some

career objectives in that regard made it even more exciting.

Since then, times certainly have changed. When talking

about research in space, and in particular the industrial perspective,

we've got to come forward from that time in the early 1980s to

today. Today we think about the Space Shuttle in the form in

which I daresay it was originally intended, as a space truck, not

as a laboratory going into space and coming back, but as a truly

versatile space transportation system.

We're building an International Space Station in orbit.

Sixteen international partners are putting together a research

laboratory that is unsurpassed in that environment. Just getting

it there is the largest technical peacetime program ever under-

taken. The challenges are immense, but the opportunities are

tremendous too. Science is being done there now and will continue

to be done. Industrial research will be done there as well, both

in basic scientific and technological applications.

There have been some recent studies such as the KPMG

marketing study for commercial opportunity and commercial

applications on the ISS, a study which was done for NASA in

1999. Their finding was that the commercial opportunities were
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still very limited as seen by commercial industry. Industry still

sees two high hurdles: cost and frequent access. Again, industry

needs to respond to boards of directors and to stockholders, who

need to see results. You need to have action. You need to

respond to research and objectives, and to test these objectives in

a potentially commercial program and know where you're

going. You need to be able to change course quickly if necessary

and cut losses when necessary.

Right now to get 011 the ISS, it's about an eighteen-month

cycle for review of safety, fit, and functionality. That's just for the

first flight aboard a research rack. That's a littlc daunting in itsclf.

But unfortunately we arc still largely at the point where you

say, "Well, when I can redo nay experiments, how quickly can I

readdress thcm?" And the response is, "Well, you've got to be

able to either have relepresence installed such that you can

manipulate conditions, tenlperature, pressure or depending on what

your experimental objectives are and your equipment's capabil-

ity, or maybe we can find some crew time, and we'll be able to

arrange that, but probably not on the schedule that you would

like instantaneously, or you'll have to wait until the equipment

or some part of it can be brought back home or replaced in some

many months, or maybe even a little more than a year's time." It

is very difficult for industry to accept limitations of those kinds.

Another issue is that there are no payload specialists coming

up through the ranks anymore. That was my category of noncareer

astronaut, a payload specialist, one who specifically focused on

a research mission. There aren't any in the program today, and I

think that's a problem for industry and for science and rescarch.
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In closing, while the conditions are more rigorous today

for the ISS than they were in the very early days of space travel,

opportunities still abound, and we just need to overcome the

hurdles. As Pogo put it, "By gosh, we seem to be surrounded by

an insurmountable opportunity here." This really is a great time

in human spaceflight. We're doing marvelous things up there

from an engineering standpoint. We now have to put them to

good use. We need to optimize the 30 percent of the ISS that our

federal government and the international partners have available

in terms of the Station's power, volume, and crew time. Despite

the recent issues with cost and schedule, as Mr. Goldin has said,

this Agency will find a way.

This country and the partners will find a way to restore the

ISS's capability. We need help from this government, from our

Congress, from our partners to do that, but it will be done, and

then this facility is going to be world class--nah, it will out-of-
this-world class.

I'm pleased to be a part of not only the history of spaceflight

and the history of industry's participation in spaceflight, but I'm also

pleased to be a part of the future, the future applications, the future

benefits that our spaceflight program is going to bring to our

economy, to our careers, and to those of us that are both taxpayers

and participants as well, to the great joy of seeing success as part of

this country, as a part of our intellect, applied to the great beyond.

It's a wonderful tomorrow. I'm glad to be part of it.
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Ma D, Ellen Weber works with a syringe related to the Bioreactor Development

System (BDS) aboard STS-70 in July 1995. NASA Image 95-HC-486.
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Imagine, as a scientist, having the opportunity to study an envi-

ronment that literally exists nowhere on Earth, and then imagine

actually being one of the test subjects. The human body has

evolved over millions of years under the fi)rce of gravity. Every

system in your body--how your fingernails grow, how you

digest food, how you circulate blood--has evolved to use gravity.

The reason your heart is not in the middle of your bod);

but in the upper part of your body, is because of gravity. We take

ourselves as test subjects into space in an environment where

there is no gravity, and we get to observe what happens. All the

sensors that tell your body how much water you should have are

in your ncck, and, when all that fluid shifts up to your neck,

your body thinks you have too much water. In space, astronauts

function with about 30 percent less water than they do here on

the ground. That's just one of the amazing changes that takes

place in the human body. As an astronaut, you get to see this

happen to your body, to see your body struggle with it, and then,

in just a matter of days, you get to see your body adapt and live

and flourish in this whole new environment.

This was an opportunity that I could not even imagine initially.

I could dream about it when I was in college getting a chemical engi-

neering degree and then later getting a doctorate degree in chemistr):

I had a dream to go in space and to be able to experience

this and be able to make these kinds of studies and observations.

But I only hoped; I didn't think it woukl actually happen. When it

did, back in 1992, it was certainly a dream come true. When 1

finally had the opportunity to fly in space in 1995 for the first time,

it was just the most incredible thing I have ever experienced.
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Now most people ask me, they say, "Well, what is your

specialty as an astronaut?" Well, the science astronauts, the mis-

sion specialist astronauts, don't actually have a specialty. We do

our science vicariously through the other principal investigators

that work year after year, dedicating themselves to designing

experiments, to asking the critical questions that the astronauts

can then answer when they're up in space.

One of these experiments that 1 got to fly with back in

1995 was the bioreactor. This is an incredible experiment and

incredible equipment. What it allows you to do is grow not just

cells, not just a layer of cells in a petri dish, but to grow human

tissue outside the human body. I had the opportunity to fly with

the first bioreactor of this new generation in 1995 and watch

colon cancer tissue--not cells, but tissue--grow before my eyes.

Charlie Walker discussed the challenges of commercializing

technology. Since his firsthand experience, I have been able to

work with a venture capital firm which has decided to invest in

this technology. There is a market need out there that can com-

pensate for the high cost and the limited access of space, and we

believe we have a winner here.

It is just an amazing opportunity, as an astronaut, to be a part

of both flying the experiments in space and of helping commercial

companies identify the opportunities that space brings. This com-

pany is trying to make a liver-assist device. Right now if you have

liver failure, you have two choices: you either get a transplant or you

die. There is nothing else out there right now. But with the bioreactor

that can grow tissues that function like the tissues in our body, we

believe we can make a device that can save millions of lives. At the
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heart of it, one of thc key elements of that is space.

Another feature of space is that it is a very qt, icsccnt envi-

ronment, which allows us to obtain structures of proteins and

design new drugs. This is not a pipcdreana. This is something

that is happening and has been going on for a dccadc. Thcrc's a

ncw flu medication coming ot,t that is targeted to a very specific

flu enzyme that keeps any fit, virus from attacking your body,

and, because we know thc protein structure, we're able to design

this drug with vc,'y limited side effects.

This is what is possible when you have a whole new envi-

ronmcnt. These are the possibilitics of science and space. We

have lust begun to rap into this with weeklong flights or two-week

flights, and we are only beginning to chip away at some of thcsc

questions. With the Space Station now, 365 days out of the year

we have an opportunity to enter into a whole new cra of space

science--not lust understanding space, but seeing how human

bodics, proteins, and tissucs react and grow in space.

I am so proud to be a part of this spacc program, so proud

to be a parr of something bigger than all of us. For thousands of

ycars, people Iookcd up at thc sky and tried to imagine what was

out there, what werc those points of light? They made up stories

about astrological figures. They just couldn't imagine it all. Wc

are so fortunate in these past forty years to be alive at the time

when we arc lust beginning to get thc answcrs. It's not only

amazing to be an astronaut, it's an anaazing time to be alive.

With the sacrifices and the commitments of so many people in

this country, wc will indeed propel our civilization into this next

cra of space exploration.
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TmzotIJy J. Creamer, mission spectalist. NASA Image 99-HC- 108.
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I'm a bit of a fish out of water because of the lack of experience

that I have, but I have been training to fly in space in tile future,

and the not-too-distant future, I hope. The truth is 1 stand here

today on the shoulders of the giants that have preceded us. I am

a space baby. 1 was born in 1959 and have grown up with this

environment. If I go back just a little bit further, I have to ask the

question, "How did we get here?" That takes us back to the litera-

ture of the mid-1800s, with Jules Verne, Edgar Rice Burroughs,

H. G. Wells, and the other visionaries that put the horizon that

we hall seen in front of us a little bit closer.

The red planet became either the mythical friend or the

source of umnentionable horrors that drove science fiction. In

1895, the first science-fiction movie appeared, but things started

to really prosper in the 1920s. For instance, there is a story

about a guy whose girlfriend is being kidnapped by aliens, and

he tracks them down across the galaxy using a device that later

became radar. As it turned out, the description of that device was

so accurate that the inventor was initially denied the patent for

his radar system. The visionaries of the past are allowing us to

do what we're doing in the present and begin to reach a little bit

further in the future.

Today's main focus is the International Space Station, of

course. When my class came in 1998, we were first asked, "Do

you mind waiting a long time before you fly?" And we said,

"No." That was and is the right answer. So our class came in

with the expectation of helping to build this engineering feat

called the Space Station, and it has been an extremely exciting

and enthusiastic time. Often I get asked do 1 mind waiting to fly,
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and, the truth is, we've got a great mission and a great bunch of

people working together. It's an exciting time to expand that

horizon that the literary minds helped expand all along; now we

get to go a little bit further with our feet.

In the not-too-distant future, we will have completed the

Space Station. Then the question becomes where to go next. Of

course, as you've heard this morning, some of the likely targets

are the Moon and Mars.

It is the giants I mentioned earlier upon whose shoulders

we stand. As it turns out, Bob Crippen's middle daughter helps

carry this legacy forward. I walked into class, and his daughter

was our primary instructor. She made cookies to keep us interested

in the class and teased us with candy, and threw it at us when we

got the right answer.

Then she took us into the simulator and showed us how many

ways we can do bad things to ourselves. She is a very sweet, smiling,

and wonderful mentor, but the truth is that she is helping bring

us into the future so we can do our job and become part of the

legacy that our predecessors formed for us.

The truth is we are extremely excited about what we are

doing. I can't wait to fly, and the flying is only a small portion of

the job. We are making contributions every day in building the

Space Station and helping to build the future.
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A spaceborne radar image of the Great Wall of China in a desert region about

400 miles west of Bei#ng. The wall is easily detected from space by radar because
tts steep, smooth sides promde a prominent surface fi, r reflectton of the radar

beam. The ,nage was acquired by the Spaceborne hnaging Radar-C/X-Band

Synthetic Aperture Radar (SIR-C/X-SAR) aboard tbe Shuttle Endeavour on 10

April 1994. NASA hnage 96-HC-228.
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1do not want to preach to tile choir today. You are the choir, and

we have a panel of preachers here. Instead, I want to try to stir

the pot a little and maybe get you angry, but hopefully not with me.

I want to) offer a point of view that I have not seen discussed in

forums st,ch as this. It is a point of view that represents the land-

scape in which most of this conversation would need to be present

if any of our grand plans for space exploration are to come true.

We all know how important it is to fly. We have been doing

it since 1903, and it is a point of pride in ot, r species. We finally

could do things the birds could do.

By the way, many people before the Wright brothers said

that it would be impossible to fly. Even some well-known scientists,

I.orcl Calvin among them, _aid, "We'll never have heavier than

air flight." Well, of course, birds are heavier than air, and they

have no problems flying. So there couldn't be a law of physics

against heavier than air flight. So we have to be careful about

what we say is impossible.

1 would like to offer an argument for why I think it is

unlikely that humans will ever leave low-Earth orbit for the next

hundred years. I am not going to invoke laws of physics to make

that point, because, basically, if the laws of physics do not forbid

something, then it can happen. This is why, of course, the people

who said nothing would ever go faster than the sot, nd barrier were

ignorant, because, in fact, we already had rifle bullets traveling

faster titan sotmd.

So when ! say, no, I do not believe we will send people out of

low-Earth orbit, it is not because I do not think it is scientifically

possible. That is no hmger an issue. I believe we have enough
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confidence in our technologies today so that basically anything

we say we want to do, we believe we can do it. There is no doubt

about it.

I have done a study of the major funded projects in the his-

tory of the world. I think we could quibble about what major

means, but I can provide a short list of five or six that we would

all agree are some of the major funded projects ever conducted.

One of them would be the pyramids. Another one might be the

Great Wall of China. The Manhattan project and the Apollo

project were two other major funded projects where significant

resources of a nation were redirected to enable these projects to

take place. I would also include great explorations such as the

Voyages of Columbus and Magellan. We might imagine that

going to Mars or going anywhere other than low-Earth orbit

might constitute a major funded project in modern times.

In looking at the history of such projects, I found exactly

three drivers. Only these three incentives can induce a population

to agree to spend that much money on a major project.

One driver is, of course, economics. If there is a promise of

economic return, it is an investment. Such were the voyages of

Columbus and of Magellan, and of most explorers of that era.

Incidentally, if you went to the explorer himself and said,

"Why are you doing this?" He would typically say, "Oh, because

I'm an innate explorer. I want to know what's on the other side

of that mountain." These are admirable traits, and the leaders of

such expeditions have those traits. But in the end, somebody

behind the explorer is writing a check. Italy would not write a

check for Columbus, but Spain did.
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A second driver is the gratification of ego. That ego can

include the praise of a leader or a deity. So major funded projects

such as the pyramids were basically elaborate tombstones. The

Taj Mahal and the Vatican were built to praise something powerful.

There is a third cause. It is perhaps the most obvious

driver--military defense. As examples, the Great Wall of China

and the Manhattan project were clearly motivated by national

security concerns.

A fascinating combination of economics and defense is the

interstate highway system. After Eisenhower came back from the

European theater of operations where he saw how effectively

Germany was able to move goods and services over the Autobahn,

he said, "1 want some of those back home." So the interstate system

was built for economic reasons, as well as national security.

So these are the three drivers that I have found. I have not

found one exception to these.

Now let's go back to the Apollo program for a moment. I

remember the 1960s. I knew from age nine that I wanted to study

the universe. I watched the Apollo astronauts land on the Moon,

and it meant something special to me. Bur when I went home, 1

encountered other things, such as picketing outside of the apart-

ment building where my family wanted to move into to prevent

it from integrating racially. There are other real-world problems

such as the next paycheck that affect the general population.

Also, I remember that there was this mood surrounding the

space program, "We are Americans. We're explorers. We're

going to explore space. Let's go ahead. This is natural for us."

The film we saw this morning was honest about this competition
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with the Soviet Union. But let's be a little more blunt about it.

The most famous, resonant lines ever to come out of President

Kennedy's mouth reflect this international competition.

Spoken 25 May 1961: "I believe this Nation should com-

mit itself to achieving the goal before the decade is out of land-

ing a man on the Moon and returning him safely to the Earth.

No single space project in this period will be more impressive to

mankind or more important for the long-range exploration of

space, and none will be so difficult or expensive to accomplish."

If you hear that, you say, "By gosh, America is about

exploration. We're about the exploration of space. That's the

next frontierIjust like the Columbus voyages and all the great

explorers of the fifteenth century. Our next new ocean is space."

But remember that this speech was given only six weeks after

Yuri Gagarin was launched into orbit by the Soviet Union, a second

jolt to the American ego after Sputnik in 1957.

The following paragraph of the speech reads, "If we are to

win the battle that is now going on around the world between

freedom and tyranny, the dramatic achievements in space which

occurred in recent weeks should have made it clear to us all, as

did Sputnik in 1957, the impact of this adventure on the minds

of men everywhere who are attempting to make a determination

of which road they should take."'

1. Special Me_sage to the C_mgress on Urgent Natitmal Needs, 25 May 1961. Pubhc

Papers of the PresMents of the Untted States: John F. Kennedy 1961 (Washmgt,m, DC: U.S.

(;overnnaent Printing Office, 1962), pp. 396--4(16.
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Now if that_ not a military speech, I don't know what one is.

So that's where the check writing happens, because we view this

as a threat. It's a military decision. Kennedy was a big dreamer,

but, in the end, one of these three causes reared its head. It happened

to be defense cot, ched on the premise of exploration.

Now, of course, space travel is expensive. We like to

believe that one day it will be cheap, l'm not really all that con-

vinced of it. ! have the Space Shuttle operations manual read by

Shuttle pilots in 1982. The whole opening section talks about

how cheap it will be to run the Space Shuttle, how much cheaper

it will be than any previous way we ever went into orbit. Entire

Space Shuttle missions wou[d cost $30 million, tops. That's not

what it turnect out to be, of course. It costs ,$200 million a day

to keep the Space Shuttle in orbit. Now you can say, "Well, it's

cost overruns," but my concern here is not even so much how

much it costs, but whether a nation can sustain that through the

ebbs and flows of political climate and the ebbs and flows of

economic cycles.

If we can send people to Mars for $50 billion, let's do it.

Evidence shows that if you start out saying it's going to be cheap,

it just does not end up that way. So we need a realistic plan here.

When one of these three drivers is in effect, cost doesn't

matter. Yes, there were debates in Congress about the cost of the

Apollo program, but they were just pro forma. We spent whatever

it took to put Buzz Aldrin and Nell Armstrong on the Moon.

Now is space really our frontier the way the oceans were

the frontiers of the old explorers? Space, as you know, is

supremely hostile to life. You can say, "Well, explorers had it
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bad too." In the 1540s, Pizarro led an expedition into South

America to look for the fabled land of oriental spices.

He sailed across the Atlantic to come to South America. He had

with him 4,000 men, hundreds of cattle, horses, dogs, a virtual

moving city-state, in search of this land. He had it hard moving

across the mountain ranges and in the valleys and in the rain forest.

I will quote from William Prescott's account of this: "At every

step of their ]the crew's] way, they were obliged to hew open a

passage with their axes, while their garments, rotting from the

effects of the drenching rains to which they had been exposed,

caught in every bush and bramble, and hung about them in

shreds. Their provisions, spoiled by the weather, had long since

failed, and the live stock which they had taken with them had

either been consumed or made their escape in the woods and

mountain passes. They had set out with nearly a thousand dogs,

many of them the ferocious breed used in hunting down unfor-

tunate natives. These they now gladly killed, but their miserable

carcasses furnished a lean banquet for the famished travelers. "2

On the brink of abandoning all hope, Pizarro said "I'm

going to send half of you guys back. We're not finding the place.

It's probably still out there, but we're running low on supplies.

I'm going to send half of you back to get more supplies."

So he sent one of his top men back to get more supplies.

2. Wtlliam H. Prescott, Htstor)' r_[ the Conquest of Mexico and Hist¢)o_ n[ the Conquest o[

Peru (New York, Random House, Inc., undated), p. 1,074.
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But how did he do that? How did he sail the river? The forest

furnished them with timber. The shoes of the horses, which had died

o11 the road and then had been slaughtered for food, were converted

into nails. Gum distilled from the trees took the place of pitch, and

the tattered garments of the soldiers supplied a substitute for oakum.

At the end of two months, a brigantine was completed,

rudely put together, but it was strong enough to carry half the

company. The conlpany got on the boat, went down the river.

The river fed into the Amazon. They said, "Hey, the Amazon, we

know where this goes. It goes into the Atlantic." They went to

the Atlantic and then sailed back to Europe. Pizarro, after wait-

ing for these guys, found out they weren't coming back. So then

he hiked his way back to their base camp and went back to Spain.

My point here is they came to South America and bad

things happened, so they just went home. Yes, it was costly to

life and limb. But ! wonder what would happen if we would send

people out to space and suppose they crash-landed on a planet.

If we accept that space and the oceans are analogous fron-

tiers, what would such marooned astronauts do? They would

have to mine for new materials on the surface of the planet and

rebuild their spacecraft. They would need to extract silicon from

rocks and make silicon wafers and imbed circuitry; rebuild their

computers. Then they would need to relaunch themselves back

into space. That is the counterpart to the ocean-going explo-

ration analogy.

Of course, if astronauts crash-landed somewhere unknown,

the planet might not have air. At least Pizarro's team had air to breathe.

They did not have to worry about whether there was oxygen.
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5o space is supremely hostile, but we know this. But when

we ask what is the cost of human space missions, we need to

consider as many contingencies as possible. This is important

because we want to do more than send people on one-way trips,

we want to be able to bring astronauts back.

So if exploration is what really matters and not just pride

of nation, then perhaps we should genetically engineer a version

of ourselves that can survive the hostile environments of space.

We've got cloning. We're inside the genome. Let's just do it. Well

in fact, we've done that already. Yes, we have emissaries of our-

selves that survive the hazards of space; they're called robots.

You don't have to feed them or bring them back, and they don't

complain if you lose them in space.

So my concern is if costs turn out to be what they have histor-

ically been and the time to execute programs lasts as long as it

historically has, then I am not convinced that economic cycles

and political cycles will allow such programs to survive if they do

not satisfy one of these three criteria. The record of history tells

us this, unless somehow you want to believe that we are different

today than 6,000 years of our predecessors.
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An artist's conception of two habitats that a crew woMd connect while exploring

Mars. This linage was produced for NASA by John Frassanito and Associates.

NASA Image $93-4558 I.
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Dr. Tyson offered a very interesting set of ideas. I agree with

some of the points he made and disagree with others. But I'm

here to talk not about how we're going to mobilize the political

or technological forces to get us into space, but rather why we

need to do it.

I'm going to start out with a quote by a very eminent his-

torian. Frederick Jackson Turncr gave a presentation entitled

"The Significance of the Frontier in American History" at the

annual meeting of the American Historical Association.

Incidentally, this was three years after the frontier was declared

closed in time American census of 1890. He was looking back-

wards on 400 years of European presence in the Americas.

Turner wrote:

To the frontier, the American intellect owes its strik-

ing characteristics. That coarseness of strength com-

bined with the acuteness and inquisitiveness; that

practical, inventive turn of mind, quick to find expe-

dients; that masterful grasp of material things, lacking

in the artistic but powerful to effect great ends; that

nervous buoyancy, the energy, time dominant individ-

ualism, working for good and evil, and withal that

buoyancy and exuberance which comes with free-

dora--these are the traits of time frontier, or traits

called our elsewhere because of time existence of the

frontier. Since the days when the fleets of Columbus

sailed into the waters of the New World, America has

been another name for opportunity, and the people of

time United States have taken their tone from the
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incessant expansion, which has not only been open

but has even been forced upon them. He would be a

rash prophet who should assert that the expansive

character of American life has now entirely ceased.

Movement has been its dominant fact, and, unless

this training has no effect upon a people, the

American energy will continually demand a wider

field for its exercise. But never again will such gifts of

free land offer themselves. For a moment, at the fron-

tier, the bonds of custom are broken and unrestraint

is triumphant. There is not tabula rasa. The stubborn

American environment is there with its imperial sum-

mons to accept its conditions; the inherited ways of

doing things are also there; and yet, in spite of envi-

ronment, and in spite of custom, each frontier did

indeed furnish a new opportunity, a gate of escape

from the bondage of the past; and freshness, and con-

fidence, and scorn of older society, impatience of its

restraints and its ideas, and indifference to its lessons

have accompanied the frontier. What the

Mediterranean Sea was to the Greeks, breaking the

bond of custom, offering new experiences, calling out

new institutions and activities, that, and more, the

ever-retreating frontier has been to the United States

directly, and to the nations of Europe more remotely.

And now, four centuries from the discovery of

America, at the end of a hundred years of life under
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the Constitution, the frontier has gone, and with its

going has closed the first period of American historyJ

So Turner's basic point was that the fundamental American

character, our philosophical outlook, and our forums and insti-

tutions were all based upon the existence of the open frontier. He

documented this at great length in his book and also the fact that

many of the key issues in the growth of America and the key

turning points all hinged on the frontier.

The question that he raised explicitly regarding the end of

the frontier was what happens to America and all it stood for?

Can a free, innovating society be preserved in the absence of

room to grow? Turner predicted a growing bureaucratization of

American society, increased hostility to immigrants, increased

skepticism on the idea of progress, and a decrease of the ability

of both institutions and individuals to take on risk, and other

associated social phenomena. With respect to the issue of

bureaucratization, he seems to have been on the mark.

If we want to have the kind of freedom that Americans had

prior to the closing of the frontier, a new frontier is required. Now

one could discuss where such a new frontier might be--Antarctica,

the oceans, the Moon, asteroids, or orbiting space colonies. At this

stage of human history, l do not believe that any terrestrial envi-

ronment can afford the function that a true open frontier did in the

I. Frederick lack_m Turner, Tim t'rontler m American H;sto O, (New York: Holt, Rmt'hart,

and Win,ram, 1947, 1962), pp. _7-_8.
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past. Simply put, wherever you are on Earth right now, you are

within convenient range of communication and transportation

technology. There is no new place on Earth where a new branch

of human civilization can actually develop. Another way to

understand this is if the American Revolution had happened

today as opposed to 1776, the colonists would have lost. The

colonists only were able to break away from Britain and go their

own way because of the extreme logistical difficulties associated

with maintaining control across transoceanic distances in the eigh-

teenth century, because the British clearly outnumbered us.

So if you want to create a truly new and independent

branch of human civilization that can experiment in new forms

of existence and go its own way, it does have to be in space.

Without going into detail, I believe that of all the places within

reach of our technology, Mars is by far the best prospect because

it is the planet that has all the resources needed to support life

and, therefore, potentially civilization. By contrast, the Moon

does not have these resources. Mars has got what it takes. It is far

enough away to free its colonists from intellectual legal and cultural

domination of the old world and rich enough in resources to give

birth to a new civilization.

Now why do we need to go to Mars? Why do we need,

more generally speaking, a new frontier in space? I believe the

fundamental historical reason is because Western hu,nanist culture

will be wiped out if the frontier remains closed. Now what do I

mean by "humanist culture?" I mean a society that has a funda-

mental set of ethics in which human life and human rights are

held precious beyond price. That set of philosophical notions
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existed in what was to

become Western civiliza-

tion since the time of the

Greeks, the immortality

and divine nature of the

soul as popularized by

Christianity, but it never

became effective as the

basis for ordering society

until the blossoming of

Christendom into Western

civilization as a result of

the age of discovery.

The problem with

Christianity, despite its

very interesting philo-

Art arttst's con(:el)tton f)f a vebtch, /¢) help humans

explore Mars. Tbts tmage was produced for NASA by

.John Frassanito and Associates.
NASA Image $93-0S064S.

sophical notions, was that it was fixed. All the resources were

owned. Basically, it was like a play where the script had been

written, and the parts had been assigned. There were the lead

players, the bit players, the chorus, and there was no place for

someone without a place. The new world changed that by sup-

plying a place in which there were no established ruling institu-

tions--a theater with no parts assigned. The new world allowed

for the development of diversity by allowing escape from those

institutions that were enforcing uniformity.

There are many problems that face us before humans can

actually land on Mars, but there is fundamentally no comparison

with our situation forty years ago. We arc much better prepared
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today to launch humans to Mars than we were to launch humans

to the Moon in 1961. We are better prepared technologically,

scientifically, and financially. We have no credible military oppo-

nent who commands our resources. It is true that the fact that

we had a military opponent did put a little drumbeat on things,

but, from a material point of view, we are certainly better pre-

pared in every respect.

Let us talk about what the twentieth century might look

like without a Martian frontier. For one thing, I think we would

be looking at declining human diversity. Global communications

and jet aircraft are linking the world together very intimately,

and so cultural diversity will, of necessity, decline. In biology, an

animal type is considered strong if it has many diverse compo-

nents, and I think it's ultimately a weakening of human society

that we are faced with losing diversity. However, the same

generic level of technology, which is making impossible the

maintenance of diversity on one planet, has now opened up the

prospect whereby new and more profound levels of diversity can

establish the expansion of new branches of human society on

other planets.

I also believe that without a new frontier in space, we face

the risk of technological stagnation. The B-52 airplane is emblem-

atic of technological stagnation. The B-52 went into service half

a century ago, and it is still in service. It would have been incon-

ceivable to any of the pilots flying the first B-52s that their

grandchildren serving in the United States Air Force would be

flying the same aircraft. Technological progress has actually

slowed down in the last portion of the twentieth century. There
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has been obvious progress in certain fields such as computers

and electronics. But if you look at society overall, in the first

third of the century, we went from the horse and buggy world to

a world of automobiles, telephones, electrification, and radio.

Aviation went from the Wright flyer to the DC-3. In the second

third, from 1933 m 1966 or so, we went to color TV, nuclear

power, jet fighter aircraft, and Saturn V rockets. If we had con-

tinued on that vector; today we would have ocean and Moon

colonies, solar-powered cars, and fusion reactors, but we obvi-

ously do not. ]'he world today, at least in terms of advanced

technology, has not changed that much since the late 1960s,

especially compared to how it changed in the previous thirds of

the century.

A frontier is a tremendous driver for technological process,

because what you typically have at a frontier is a labor shortage.

One of the most wonderful things about colonial and nineteenth-

century America was the tremendous labor shortage. Despite

everything you've heard, which is all true, about the horrendous

conditions in the industrial rew_lution in New England and such

places, the fact of the matter is that wages there were vastly

higher than they were in similar establishments in Europe, and

that's why millions of people voted with their feet to come here.

At every level of society, opportunity was better here.

Furthermore, because labor was so expensive, there was this

tremendous driver for technological progress, for the creation of

labor-saving machinery.

O11 twenty-first-century Mars, no commodity is going to

be in shorter supply than human labor. There is going to be a
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tremendous drive for advanced technology, some of which might

be otherwise blocked on Earth because of popular concerns

about the environment or genetically engineered crops.

With human colonization of Mars, I think you will see a higher

standard of civilization, just as America set a higher standard of

civilization which then promulgated back into Europe. I think

that if you want to maximize human potential, you need a

higher standard of civilization, and that becomes an example

that benefits everyone.

Without an open frontier, closed world ideologies, such as

the Malthus Theory, tend to come to the forefront. It is that

there are limited resources; therefore, we are all in deadly com-

petition with each other for the limited pot. The result is tyran-

nical and potentially genocidal regimes, and we've already seen

this in the twentieth century. There's no truth in the Malthus

Theory, because human beings are the creators of their resources.

With every mouth comes a pair of hands and a brain. But if it

seems to be true, you have a vector in this direction, and it is

extremely unfortunate. It is only in a universe of infinite

resources that all humans can be brothers and sisters.

The fundamental question which affects humanity's sense

of itself is whether the world is changeable or fixed. Are we the

makers of our world or just its inhabitants? Some people have a

view that they're living at the end of history within a world that's

already defined, and there is no fundamental purpose to human

life because there is nothing humans can do that matters. On the

other hand, if humans understand their own role as the creators

of their world, that's a much more healthy point of view.
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It raises tile dignity of humans. Indeed, if we do establish a

new branch of human civilizati(m on Mars that grows in time and

potency to the point where it cannot really settle Mars, but trans-

forms Mars, and brings life to Mars, we will prove to everyone

and for all time the precious and positive nature of the human

species and every member of it.
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What a grand day that was when Alan Shepard climbed into his

Mercury capsule attached to a Redstone rocket--the rocket

which would ultimately grow into the greatest rocket ever built,

the Saturn V Moon rocket.

When I was a boy in Coalwood, WV, nay greatest hero,

besides my father and my mother, was Huntsville's Dr. Wernher

von Braun. After Sputnik was launched in October 1957, the

newspapers we received in our little coal camp were filled with

stories of how American scientists and engineers were desperately

working to catch up in the space race.

It was as if the science fiction 1 had read all my life was

coming true. Gradually, I became fascinated by the whole thing.

I read every article I could find about the men who built rockets

and launched them, and kept myself pinned to the television set

for the latest on what they were doing. Dr. von Braun's name

was mentioned often.

At night before I went to sleep, 1 thought about what hc

might be doing at that very moment and imagined that he was

down at Huntsville or Cape Canaveral high o13 a gantry, lying on

his back like Michelangelo, working with a wrench on the fuel

lines of one of his rockets.

I started to think about what an adventure it would be to

work for him, helping him to build rockets and launching them

into space. For all I knew, a man with that much conviction

might even form an expedition into space, like Lewis and Clark.

Either way, ! wanted to be part of his team.

To do that, I knew I would have to prepare myself in some

way, get some special knowledge about something. I was kind of
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vague on what it would be, but I could at least see I would need

to be like the heroes in my science-fiction booksIbrave and

knowing more than the next man. I started, in fact, to see myself

out of Coalwood, to see a different future than might have been

supposed for a coal mine superintendent's son.

To get an early start, five other coal miner's sons and I

began to build our own rockets. The people of Coalwood called

us, with some derision, the Rocket Boys. Years later, I would

write a book _ about those days, and later that book would get

turned into a major motion picture called October Sky. And

who would have guessed such a thing would happen because we

coal miner's sons wanted to build rockets?

In the manner of Dr. von Braun, we Rocket Boys persevered

until we were flying our rockets miles into the sky. Eventually,

we boys of Coalwood won a gold medal at the National Science

Fair, bringing unexpected honor to our little town and our high

school. A lot of people said we were lucky. But it wasn't luck that

allowed us to reach our goals. It was because we were prepared

to take advantage of our successes, just as our heroes in Huntsville.

In the fall of 1957, Huntsville's Army Ballistic Missile

Agency had just completed a flurry of advances in the field of

rocket science. Under Dr. von Braun's guidance, it had solved

most of the difficult problems associated with climbing out of

1. Homer H_ckam, Rocket Boys: A Memotr (Doubleday Dell: 1998).
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the gravity well into space. Everything was ready ff_r a great leap

fi_rward, not because there had been a well-funded prograln for

that pt, rpose, but because the stubborn yon Brat, n team had

done everything they could legally, and sometimes a bit across

the line, to prepare us for space.

When Sputnik hit this country like a flying sledge hammer,

President Eisenhower turned to Huntsville to recapture a little

American glory. Von Braun and his team launched our first satel-

lite in sixty days of the go-ahead, and, less than a year later, they

were cutting metal on another project even though it hadn't been

officially approvedithe Saturn family of rockets that eventually

took the United States to the Moon.

This, I think, is history worth savoring and emulatillg. In

many ways, the situation in space development is similar now to

what it was in the years prior to 1957. There is confusion on

what should be done in space and who should do it. Still, just as

the Redstone was there to allow us to build the giant chemical

rocket engines that made the Saturn rockets, the tools are available

to us today, if only we have the courage to pick them up and use

them for what we need to do. I want to give you a couple of things

to think about. The first thing is that NASA is essentially a sub-

versive organization. Anything else you hear is a public relations lie.

Some people, of course, will argue that there has never

been a more conservative bureaucracy on this planet. NASA

even takes polls to see what it should do next. It lets politicians

decide technical matters.

I grant you NASA as a bureaucracy is timid. But what I

mean is its charter. NASA is supposed to develop the means to

-- - 153 .......



Looking Backward, Looking Forward

allow American citizens to leave the planet. Leave! What could

be more seditious than that?

I believe, in fact, that most NASA engineers and scientists

are essentially subversives. It's in their psychological makeup.

We strive for something greater than ourselves, something that is

considered by most of the population of the rest of the world as

being outlandish. What we want is to build machines that will

literally allow people to leave this planet, and its governments,

and its philosophies, and its religions behind to find a new

world, new ways of governing themselves, new religions.

Back when I was a Rocket Boy in Coalwood, and in some

trouble, as I almost always was, a preacher whom I adored--his

name was the Reverend Little Richard of the Mudhole Church

of Distinct Christianity--came to me and told me he had had a

dream. He had seen men on the Moon, and I was one of them.

When he woke, he had opened his Bible, and his eyes had fallen

on the testament of Peter. "Nevertheless we, according to His

promise, look for new heavens and a new Earth, wherein

dwelleth righteousness," he quoted. 2

It took me awhile to figure out what the old preacher was

getting at, but then I understood it. I was a born subversive like

St. Peter. My life was going to be dedicated to fulfilling His promise,

the opportunity for mankind to look for those new heavens and

new Earths, and all that would follow.

2.2 Pctcr, 3:13.
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Recalling the Reverend Richard's Bible verse, I believe it is

the manifest destiny of this country to make all of us on the

planet into a two-world species; our second world being our

Moon. But I don't believe we will use chemical rockers to do it.

It is rime to put those old things in the mtlseums where they

bekmg. Let me explain.

It seems to me there are two ends of the rocket the

American people love. The front end where the astronauts sit

and the tail end where the rocket engines are bohed. It is time

the working back end of the rocket got more emphasis than the

front end. It is time that the old chemical rockets that have gotten

us to this point be set aside and a new breed of big, bad rockets

be constructed. If we don't do this, we are forever going to be

stuck in low-Earth orbit--not doing any better than struggling

to bolt together another Mir or Alpha or whatevcr you want to

call it, a bunch of small modules like wicncrs in a string whcre

astronauts can stay cooped-up for days, taking thcir blood pressures

and peering at e-mail from home.

The Bush administration hcrc in Washington is even now

trying to figure out what to do with NASA. It's a problem.

President Georgc W. Bush knows, as all of us know when we are

honest, that wc arc essentially spinning our wheels as far as

spaceflight is concerned. And so it will always bc until wc start

building advanced propulsion systems. Without them, we simply

do not have enough lifting capacity or the acceleration to truly

cxplorc space. Thc onc thing we don't necd thc ISS to teach us--

we've already Icarncd this--is that space is cssentially bad for

people. Zero-G is dcbilitating to our boncs and muscles, and
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radiation from the solar wind and cosmic rays is likely to give us

cancer if we're exposed to it over a period of time. To conquer

space, we're going to need to get through it in a hurry inside

spacecraft made of aluminum and steel and lead shielding. To go

back to the Moon and definitely Mars with chemical rocket sys-

tems is asking for trouble, and that's trouble I don't think this

Administration or the next or the next is ever going to take. So

propulsion engineers, the good folks of Marshall Space Flight

Center who head up propulsion for NASA, must take the lead,

or we're never going anywhere.

Here's what my admittedly cloudy crystal ball says is coming:

I believe we won't send humans back to the Moon or to Mars

the way we did it in the Apollo program. Apollo pushed our

technology to the outer edge of the envelope, and it took a brave

corps of professional astronauts to go. That won't happen again.

I think spaceflight is going to evolve very much the same as

the exploration of Antarctica. The first expeditions to the South

Pole in the late nineteenth and early twentieth century were

essentially sprints and publicity stunts, primarily accomplished

for national prestige and personal glory, although often wrapped

in the dubious veneer of science. These sprints were accom-

plished with the technology of the day--steamships to the ice

shelf followed by the use of dogs and manpower to make a tor-

turous journey to the pole and return. Many men died and many

more suffered from frostbite, hunger, and exhaustion.

Roald Amundsen, a Norwegian, reached the Pole first on

14 December 1911, followed within days by his competitor,

Britisher Robert Scott (who died with his entire team on the way
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back). After these highly adventurous and publicity-conscious

expeditions, interest waned in duplicating their feats. It was far

too expensive in money and blo(,d to do something that had

already been done. Amundsen and Scott's forays might be seen

as roughly equivalent to tl_e Apollo program.

It would be four decades later before the next people

arrived at the South Pole. They were Americans, and they simply

flew there in an airplane. I believe it will be in the space equivalent

of this airplane that will carry people back to the Moon and to

Mars and beyond.

But what kind of engine am I talking about that will power

this space equivalent of the South l'ole airplane? I believe the first

one, if we're to see it in _mr lifetimes, must be a nuclear-fission

INTERNAL
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HUH

NOZZLE SKIRT EXTENSION

NEACTOR CORE
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An expkmatory drawing _)/"the NERVA (Nuclear Engine fin" Rocket Vehicle
Application) thermndynamic mu'k,ar rocke! engine. Thts program ran from
1960-197] and was managed by NASA and the At¢mm" Fm'rgy Commission,
hut the nuch,ar engine was never actually depho'ed fin" a space missum. NASA
hnage NPO-70-I.qS03.
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rocket. For three decades, nuclear fission has been a dirty term

in this country, which is really a shame. Despite the fact that

nuclear propulsion is the best and safest way to fly major mis-

sions beyond Earth orbit, we stopped its development back in

1972. That was a terrible decision. We had at that point suc-

cessfully tested nuclear rockets in the open air in Nevada--

engines that could be operated with high thrusts for long

durations, the key to the solar system. I believe it is time to go

back to the future, to revisit the successful development of the

old nuclear rocket, and to go forward with other designs, includ-

ing the SAFE engine (Safe, Affordable Fission Engine) now being

developed in Huntsville at Marshall Space Flight Center. Other

similar engines are on the drawing boards at Glenn and JPL. We

need to get behind the Rocket Boys and Girls in Huntsville and

Cleveland and Pasadena, and show the courage it will take to

chase away the Chicken Littles who deride nuclear energy in all

its manifestations as somehow inherently evil. Nuclear energy, in

fact, is one of the cleanest forms of energy we've ever known,

and it's time somebody stood up and made its case.

Need I remind one and all that right now there are hundreds

of nuclear reactors tooling around in the world's oceans, propelling

submarines and aircraft carriers? How many of our sailors glow

in the dark? Not one of them. This is safe technology, and I am tired

of the fools in our society who fear it and keep it from its potential.

I believe it's time to put chemical rockets on the backburner

for NASA. We should go ahead and build the International

Space Station for political reasons and then turn the whole dull

business over to a contractor or the National Science Foundation
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and get back to NASA's charter of truly exploring and utilizing

space by constructing, testing, and flying some big, bad rockets.

NASA should also be ordered to cooperate with the Department

of Energy to provide energy from space to an energy-hungry

world. This is the key. if we are to go into space in a big way, we

have to have a big reason. That reason, 1believe, will be the pro-

duction of energy.

Right now, we're passing through a unique moment in

time--a cheap energy bubble. This cheap energy bubble, actually

available only in the Western world, is what allows us to trans-

port ourselves, air condition ourselves, communicate with one

anothel, rtm milling machines, make plastic, and do all the other

things that make tip our civilized, industrial, high-tech society. In

this country, we can see that bubble just starring to burst in

California. But it has actually already burst in most of the world.

The cheap energy bubble we enjoy is because of fossil fuel.

When that goes away, and it will, if we have not taken the steps

to prepare for alternative energy, our advanced society will collapse.

Wind energy, ocean energy, land-based solar energy, all those can

be added to the mix, but it will never supplant fossil fuel energy

until we turn to space. In the meantime, however, while we work

to come up with new forms of energy, we not only should be

thinking about building nuclear plants for electrical power, but

we also should start building nuclear engines needed to explore

the solar system. Because those engines will bring us wealth, and

energy, like we've never imagined. The solar system, if nothing else,

is filled with energy, something we must have.

I arn a boy of West Virginia, after all. 1 want to see a

m __
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Coaiwood on the Moon or Mars. I want to read a memoir writ-

ten by a boy whose father spends too much time mining helium-

3 on the Moon or in the deep water mines of Mars. I want the

solar system to become another place, a place of industry as

Coalwood once was, a place where men and women can raise

their families, and where a rough frontier--the roughest ever

encountered by mankind--can be shoved back. And I want this

country to lead the way.

One of the things Dr. von Braun instinctively knew was

that it was as nearly important to explain why we should go into

space as to build the machines to take us there. He wrote books

and magazine articles, spoke to everyone he could formally and

informally, and spent his life to his dying day seeking to educate

everyone on the importance of and need for spaceflight.

I think all of us in this room need to continue that tradition,

to get out into the public eye and explain why we should go and

why we need to build the machines to go there.

Why should we go? I think there are actually two principle

reasons:

1) Because the solar system is filled with cheap, clean

energy, and we need to go get it, and, 2) this one may well be

even more important, because we need a purpose for ourselves

and our country.

Our Constitution established a relatively weak federal gov-

ernment and guaranteed strong individual freedoms. By doing

so, what it really did was to allow the old Yankee Traders to go

wherever they wanted to go, build up businesses, and generally

outdo and outsell the rest of the known world hampered by
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kings and queens and imperial potentates.

That's how Americans got to be so rich. All those dollars

and all the wealth that surrounds tls didn't just happen because

we're blessed. Our forefilthers got out there and scratched for it

using the freedom they had to do it.

You've heard of Yankee Traders. That's our heritage. We

drive a hard bargain, and we make a profit. It's our way. Along

the way, we just happen to bring our important values along

with us--that of life, liberty, the pursuit of happiness, and the

triumph of the individual over the governnlent, any government,

even our own.

A country needs a purpose, especially this country. I think

we need an eternal frontier to push up against, our purpose to

conquer and settle it. The nice thing about doing that is the solar

system is a very rich place, filled with not only mineral wealth

but energy, a nearly inexhaustible supply. And if there's one

thing this country and this planet desperately needs and is will-

ing to pay for now and forever is energy. The solar system is

where it is. We've got to go after it.

I believe, then, that Americans have both a self-interest and

a patriotic duty to convince ourselves it is time to take another

giant step into space. The way to do that is to do what Dr. von

Braun did--cut metal and start flying. Success engenders success.

If we start flying advanced propulsion drives, we will, 1 believe,

energize the country and perhaps inspire a new generation of

Rocket Boys and Girls.

1 call on NASA today to lay out a fifteen-year program to

produce a working advanced propulsion engine in space, and
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that engine should most probably be powered by nuclear fission.

Our elected representatives and the leaders of NASA should, in

concert, move immediately to put this engine in NASA's budget

with a fixed schedule for us to build it. If we can just get our first

big, bad rocket booming around space, I believe there will be no

holding Americans back from the new frontier.

In Rocket Boys, I tell of the time when I asked my father

what was the hardest thing he'd ever learned. He leaned on the

rail outside his office and said, "entropy," and then he

explained. Entropy, he said, is the tendency of everything to

move toward confusion and disorder as time passes. 1 was only

fourteen at the time, so I'm certain I looked blank. "No matter

how perfect the thing," he explained patiently, "the moment it's

created, it begins to be destroyed." I asked him why that was so

hard to learn. "Because," he smiled, "I don't want it to be true.

I hate that it's true. I just can't imagine," he concluded, heading

back inside his office, "what God was thinking."

Entropy ultimately killed Coalwood. When the coal was gone,

everything fell into disrepair, and my father's hopes for the town

crumbled. I don't want that to happen to my country, but it

could, and I believe it will if we don't develop the solar system,

open up a new frontier.

Dr. von Braun's grand dream need never die. NASA can spark

a twenty-first-century revolution in transportation and energy that

could fundamentally change the way we fly through space, power

the world, even care for the sick if we do it right. All those things

require cheap and clean energy. It exists in the solar system in a

variety of forms. Solar energy is the most obvious form, but there
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are others, including helium-3, which may be the perfect fuel for

fusion reactors, and also just happens to cover the Moon. I believe

we must go :after it. Wc just nccd to believe in ourselves and our

purpose. I call on all of you here today to loin togcther, gct things

moving again, and get serious about conquering space. If we do,

we'll assure the country's prosperity, and the world's survival, too,

for centuries. Along the way, maybe we'll finally understand why

my old preacher thought St. Peter's comment about looking for

new heavens was so important.

According to His promise, it's a big challenge, a huge

responsibilit.s; to try to fulfill such a promise and prophecy. I

believe, however, the Rocket Boys and Girls of today are up to it.

So let's do it! Let's go!

16.3
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Left: Menwether Lewis. This 1816 aquathlt is by Wilham Strickland. Image

courtesy of the National Portrait Gallery. Image NPG.76.22.

Right: William Clark. Thts 18.32 oil painting is by George Cathn. Image cottr-

tesy of the National Portrait Gallery. hnage NPG.71.36.
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There is a letter fronl Meriwether Lewis, struggling with the tech-

nology of the new collapsible iron-framed boat he has engineered

for his great journey west into the l.ouisiana Territory. In this,

we hear a story so familiar that it startles us. He is about to embark

into a land so unknown that thc maps are blank heneath his

hands. He is inventing a technology that he and his mentor and

master engineer President Thomas Jefferson have sketched out on

an oak table at Monticello, and he is jerry-rigging, piece by piece,

wood for iron. He is looking to) hire on men for the journey who

will be bold, physically able, and yet composed enough to live

together in a small boat in terrifying danger: It is a ship that will

fail him utterly in the middle of the journey. In the letter, he

angt, ishes about funding for the project, about the time it is tak-

ing to make the boat, and about the way the trip must be timed

precisely or postponed for another year. Congress is uneasy

about the e×penditures, and he must balance his work and his

mission--commerce, science, exploration, and foreign policy.

"i visit him every day and endeavor by every means in my

power to hasten completion of the work..." he says of the ship-

builder, and, of the river, its level dropping, he promises "this

may impede my progress, hut shall not prevent my proceeding,

being determined to go forward .... "'

Jefferson replies, assuring him of the need for the mission,

grounding his encouragement in the hopes that both the academic

I. Set'. tot examp[c, gtcphen E. Ambrose. Lhtdaunled ('outay.e: Met re'ether I ett,'ts.

I'h_Jmas ]clicks.n. and the ( )pemn._ ,4"tl,e :bm._Tc,m West (Nt'_ Yc.rk: %ml.m and %chustt'r,

[996), p. 86.
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science discovered and the social, agricultural, and entrepreneurial

use of the new land justifies the difficulties. He writes of some-

thing more--of the intrinsic nature of the quest itself and of the

obligations to the frontier borne by societies that encounter it.

And while there was much to say then--and much criticism was

given by contemporaries like Adams and others--there is still

much to say now about the ethics of such an encounter. The

arguments, the promises, and the vision that animated that jour-

ney are familiar because they are the substance of the vision that

has animated much of NASA's efforts.

In this reflection, taken at the fortieth anniversary of

NASA's years of space exploration and the 198th anniversary of

the summer that Lewis and Clark set out, I want to consider

exploration of this sort as a complex moral gesture. In this, I

hope to both celebrate forty years of space exploration and to

mark the way ahead. Taking this particular gesture against all

other possible tasks reflects not only on who we are, and who

we intend to become, but also on what we hold in common, as

humans, and as Americans.

Like all exploration, space travel is far more than an

extended journey; it challenges us to stand like the diarist Lewis

before an unknown continent and an unknown territory. That it

was profoundly inhabited, alive with others is a part of the par-

adox that faced him, and of course might well face us, as he

could not know, and we cannot know. In this, the journal raises

three core philosophical questions: first, of the nature of the

human self, and how we are shaped by such an enterprise; sec-

ond, of the technical process and rules of the task itself; and third,
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of the consequences of our m(,'al actions on the world that we

enter, and, by mere entrance, alter fi_rever.

This chapter intends to lay out some essential ethics questi(ms

that might frame the next step of space exploration, in this, I under-

take two sorts of tasks. The first is to respond to the core ethic

question: Is i_ ethical to travel in space? The second, assuming fi)r

the naoment that I can convince you that the first premise can be

justified, is to comment on what ethical challenges will face us there.

It is appropriate to have a philosopher conament on this at

the fortieth anniversary celebration, since it was also in 1962

that the National Academy of Science first convened a pane[ of

philosophers to comment on space travel. They asked at that

time whether it was indeed a worthwhile pursuit to travel in

space and what might be expected of such an effort. What is at

stake in any such boundary crossing is how the changing of

essential human perimeters changes our own moral status. Will

such boundary crossing worsen our human condition, or will it

enhance it? In this way, the geopolitical quest is then linked to

the quest for ontology, Pisarro hunting for the fountain of youth,

for gold, and for territory.

What follows are a series of ethical claims that link the

problem of discovery in the larger world and the attendant ethical

dilemmas of our explorations, as well as how this exploration

alters our concepts of life on Earth. In this, the role of the ethi-

cist is to function as both a skeptic and a stranger, aware of the

optimism of science and the pessimism of philosophy.

1. First premises and original claims: Why is it

ethical to explore space?
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The answer to the question--why space traveliis first

ontological. What does the ethical gesture make of us as a soci-

ety and a species?

A. Moral agency- A critical ethical task will be

the transmission of why we have undertaken the

work and what it makes of us to do so.

How is space travel a moral activity? Like every gesture we

make in the world, the activities themselves will change how we

think about ourselves. However, is this itself suggestive of a

hubric sense of ourselves? Does the very placing of ourselves at

the center of the narrative begin the consideration of the task

unjustly? In 1971, I.ewis White Beck considered space explo-

ration in his presidential address to the American Philosophical

Association. Beck had a skeptical view at first of space travel.

For Beck, the problem was our ability to justly and patiently sus-

tain exploration that creates the essential ethical challenges.

"[Space travel] is so far beyond human reach that it is not worth-

while discussing at a sober philosophical cocktail party .... The

technology required presents no insurmountable obstacles; what

stands in the way of using it is human unimaginative and impa-

tience, and the instability of human civilization."-'

But Beck was incorrect in this assessment. At the fortieth

year of our reach, we have a Space Station despite all odds and

2. Lewis White Beck, "Extraterrestrial Intelligent Die," presidential address delwered

heft,re the American Phll_sophlcal Assoctatnon m Ne_ York Cit.v_ 28 December 1971.
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instabilities--in fact, a station that represents an elegance and

cooperation remarkable in the face of other conflicts, a victory

of international imagination. Choosing space travel is a choice

for a variety of social practices--it will require us to think about

essential questions, and they are framing questions, not only in

science, but classically, in ethics. Questions such as:

Are we overreaching our boundaries and

human limits?

We will always tell the truth?

What does it mean to be free?

How can we face death noblv?

Will we use resottrces fairly?

Can we be trustworthy?
What do we owe to one another?

What do we owe to the future we cannot know?

For such questions, surely not new ones, Greek philoso-

phers, such as Aristotle suggested the need to develop habits of

character--excellences. One way to think of the answers is to

name the virtues called out by such questions: humility, veracity,

courage, justice, and fidelity, which I suggest might be the ethi-

cal principles of space exploration.

We are shaped not only by such principles but also by nar-

ratives and historical argt, ments, and it is interesting that the

problems of space and our relationship to it marked the earliest

debates in philosophy, about the relationship of the human to

the universe. One of the key arguments begins in the (;reek con-

sideration of how we should regard space; arc we alone?

Lucretius begins by noting that Earth has no privileged position
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in the universe, and that, in fact, other places might support life. '

There might be innumerable, plural worlds, which have inhabi-

tants-some like us and some unlike. The argument for our

uniqueness is an argument about both limits and nature; are we

unique? Are other worlds possible, and what does this make of

our self-understandings?

In the Middle Ages, and through the eighteenth century, it

was commonplace to understand the universe as an infinitely

plural one--the universe was full of life, and humans were not

alone. The entire thrust of emerging science, most especially

Darwin's work, was a part of this understanding of the relation-

ship of organism, contingency, and environment. Beck's claim is

that space travel interests us because it offers a second chance at

coming to an unblemished, uncorrupted world, an idea that ani-

mated much of eighteenth-century travel as well. The possibility

of the great new chance, of new social possibilities for a new

land, is a central part of the American vision that allowed Lewis,

Clark, and others their optimistic spirit.

B. Is space travel just?

Let us concede that space travel is in fact ethical and per-

haps ontologically necessary. But a central question of ethics is

not only whether the act is good for us as humans, or is an

intrinsic good, but whether space travel is just in both premise

3. See, for example, Whitney J. ()ares, L.d. The St_nc and I'ptcurean Phdt)sophers:

The Contplete Extant Wrttmgs o/Fplcurus, Lplctetus, Lucrettus, and Marcus Aurehus

(New York: Random House, 1940), pp. 111-114.
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and process. Is space travel worth what it will cost in fiscal and

htmlan terms? This ethical problenl is tile first one about which

most Americans and our international partners are concerned. It

is tile same one that John Adams argued with Jefferson about: Is

exploration an unjust and wasteful use of scarce resources, bet-

ter spent on urgent tasks at home? How can we launch our

intricitly designed nineteenth-century boats or our twenty-first-

century beautiful starships over a landscape of despair, illness,

poverty, the closing of hospitals, the need for new elementary

schools, over the tensions of war?

For space travel to be just, argue the Europeans, it must

attend to principles of justice, which include the principles of

vulnerability and of solidarity. 4 Since such principles include

attention to the situation of the disempowered in human soci-

eties, and the need to maintain a democratic discourse about

resources held in common, and since the assumption is that soci-

eties must find purpose in bearing the burden of the vulnerable,

ethical space exploration ought to have applications from the

sciencc developed therein to human health and social welfare?

Space travel can be justified as fair if direct benefits can be

accrued by its undertaking. To a great extent, this can be said to

be the case. First, the experience of microgravity has been found

to create effects similar to aging in humans. Studies of the molec-

4. European Principles ot Ihot'thics, 2000.

5. A. 1. W. 'layh+r, "°l',ehax i.ural _clt'nce and ()uler Space Rt'_e.lrch," At'to,pace Methcal

Ass.cmt*.n, Washmgt.n, D(:, 198q; letfre} l)a_t_. "Mcd]c.d Nsues f.r a Miss*.n to

Mars," At,return. Spa.', aml I.m,n'.mm'nt, d Ah'ch, me, _.l. 7(1, No. 2, l'cbruarv 1999;

(). P. Kc_zL.rt'nko, ct al. "Sorer. I)roL, lcm,s ot Group h'llk't,l_.tllH| II1 Pll)iollgt'd ,_p,l_.c Fhghts,"

I IPI:.F, April 19u9. vol. 4, N.. I, pp. 12 _-127_ N*ck Kano_, et al. "Psych.s(w,al Issuc_ in

Spauc: R¢,,uh_, frt.n the Mluttlc/MIR." (h,u'tt.zlrm, d ,rod _,lmce IJt.h,_) Bttlletm. I '_(2)

[unt. 2001, p. "_¢,-45.
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ular biology of bone loss are an example of this genre of work.

Research from the first forty years of space travel is beginning to

allow innovative medical research on osteoporosis. Second,

gravity is a critical factor in development, sensorial and neuro-

logical orientation, and balance. Study of perception, hearing,

balance, as well as studies about how neurological development

proceeds in microgravity, is also ongoing. Such health-related

research clearly will be a strong part of NASA's future duty.

Cross-over and dual-use medical research is also at stake, with

proposals that would allow the development of electronic-

sensing devices. But much of what is valid about basic research

is premised on what we cannot know. Support for any genre of

research is predicated on this understanding. While it is the case

that every protocol that calls for the use of animals as research

subjects, for example, insists on a social justification as a part of

NASA policy, and, while the intent of research is the betterment

of the human (and animal) condition, and the relief of suffering,

the reality is that, in true science, we cannot know the results or

count on their application prior to the research itself."

Healthcare is only one sort of science that would justify the

efforts in space as ethical in this way. Other areas clearly include

research on climate change and other Earth science research only

accessible from the vantage of space.

6. See, tor example, the NASA Ames Standard Animal Policy forms fi_r research protocols,
as available on tile Internet.
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A second major justification for space exploration as a just

endeaw)r is, I would argue, that it makes human society more

likely to be free and at peace with one another. The science and

engineering that is required and is intrinsic to space travel lends

itself well to international cooperation. While it has not been the

case necessarily in the past, the future of space exploration is

proff)undly international in character and is one of the few

places where the human species has the opportunity to see itself

as a collective communit); as Earthlings. Such an interpretation

allows a precondition for solidarity. Whether we act on this or

whether we do not will be key in the determination of the justice

of space travel.

However, the claim that space science is a diversion rests

on an idea about science research as entirely instrumental. In this

view, science is a zero-sum game, and, if we fund research on

space, we will not be funding research on cancer or malaria. This

is, I believe, a false distinction. Human subjects are shaped by

the interrogation itself, and it is not entirely certain who or what

we would be if we turned from the task. We must, in fact, do as

we have always done--both the work of discovery, basic science,

and the necessary work of compassion. It is the future that asks

this of us; it is our children who will ask for the next step. We

are needed in advance, by the work of basic science, as much as

we may need what will be the insights of basic science to survive.

Forty years ago, it was President Kennedy who urged the nation

toward space travel, yet the most critical words from Kennedy

were not about the Moon. They were about obligation and how

obligation creates the American self, about obligations and not
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entitlements, asking us "what you can do for your country." In

the era of a larger vision, we might expand this to "ask what you

can do for your world."

3. Second premise: The ethical problems of process can be

met fairly. Is the process and method of space travel ethical? Is

it safe?

a. "Nothing will ever be attempted if all possible objec-

tions must first be overcome." (Samuel Johnson) 7

Hence, if my arguments are correct, space travel is not only

ethical, but narrative in character. We send a person to space to

bear both the narratives of historical stories and data from the

experiments we envision back to us--we expect that the person

will also be changed. But this creates ethical problems. First,

how will the process of travel shape the person, and how much

risk can we expect the person to bear? Let me say that in the con-

sideration of the ethical issues encountered by the process of

space travel itself, we are reminded that the nature of experi-

mental science itself--and space exploration is, among other

things, a vast human clinical experiment--is a process fraught

with human frailty, loss, risk, and error. We forget this at our

own peril.

A key consideration will be how we understand the role of the

crew and our corresponding obligations to the crew. Are they

7. Gwm J. Kolb, ed. Rasselas and Other Tales, vol. XVI ot the Yale Edition of the Work_

of Samuel Johnson (New Haven: Yale Uvuversity Press, 1990).
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understood, principally as human subject in a difficult experiment,

as primary investigators in charge of cxperiments ill harsh condi-

tkms, as public servants akin to other public servants, with a limited

number of workplace rights, but a higher level of duties and risk, as,

say, firemen, as soldiers with a duty to explore and defend them-

selves? Each decision on the role of the crew allows for a different

understanding of our duties and their correlative rights to our

resources. Space travel, even to Mars, will necessitate an intensity

of isolation in a small room, in conditions of weightlessness, for

years. The crew will need different relationships to one another and

to the machines that they will depend on. Because it is a genre of

human experimentation, it must be preceded by animal experi-

mentation, necessitating the humane use of animals in research.

Microgravity presents unique and challenging conditions for animal

welfare, requiring the coordination, expertise, and consistency of

national oversight committees directed entirely toward this effort.

NASA is committed to such oversight by a system of well-established

mechanisms to review animal and human protocols, Institution

Review Boards, and a Flight Animal Care and Use Committee

established for this purpose. The 1RB and the ACUC are guided in

all of their functions by a clear and consistent advocacy for

research animals and for the scientific enterprise itself. A clear

focus on the issues of spaceflight allows the development of a

mature expertise in the development, design, oversight, and reflection

upon the science.

But the classic problems of clinical medicine only begin the

ethical dilemmas that surround the process of spaceflight. The

machine-human interface needed in space creates interesting and
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intriguing ethical issues, and the issues that surround the con-

vergence of technologies in nanocomputers, genetics, and artifi-

cial intelligence are profound. First, if nanocomputers can be

developed, it would be useful to have ways to monitor the crew

without undue constraint. If internal monitors are used, how

much would we accept monitoring and regulation of crew

behavior? Should we allow the monitoring of blood sugar or

serotonin? Should the nanochips be set to release medication to

lower blood pressure, to alleviate stress? Should sleep perimeters

be regulated and sleep enforced by biochemical regulations?

If a machine makes decisions about flight plan or choices

about emergency strategic options which could be programmed

with accuracy, should the machine be overridden and in what

circumstances? When should human judgment guide the mission,

and when should computers be allowed to make critical choices?

Should we, in the future, select for genetic phenotypes more pre-

cisely than is already the case--for, of course, it is accepted that

physical traits will be at stake in how crews are selected. Should

screening include genetic testing, and should it inform our deci-

sions about leadership? In the future, should we seek to geneti-

cally modify humans to make it safer for them to undergo

microgravity, in the way medications are used to mitigate the

experience, allowing for slower rates of bone loss, for example?

For all such decisions about medical conditions, is informed

consent adequate, or is the yearning for the chance at being on

the crew so powerful that true informed consent is meaningless,

since refusal might well mean losing one's place on the mission?

Is the risk of space travel simply an unacceptable risk?
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That space travel is dangerous is not unique to other tasks

in science. If we understand the crew not as research subjects but

as Principle hlvestigators on a complex science mission, then it

is not unlike the risks undertaken by the explorers of Antarctica

or volcanologists. Here again we find the historical precedent useful

in the careful reflection on that exploration which was a fiercely

competitive race m the Pole_not unlike the conditions faced by

crews in space. We know the paradox of these conditions.

In an article in Discover magazine, the diary of Frederick

Cook, Arctic explorer in the nineteenth century, is quoted: "We

are as tired of each other's company as we are of the cold monot-

ony of the black night . . . physicall_q mentally, and perhaps

morally, rheu, we are depressed, and, from my past experience, I

know this depression will increase."" Discover magazine makes

the case that the journey is most imperiled by the conditions of

enclosure and boredom, Yet the intensity did not always breed

despair in the eighteenth century--in many diaries, interestingly

enough, the opposite is the case. The closeness and intensity cre-

ated intensely loyal moral communities, ones where comrades

never abandoned the ill, and where, in Meriwether Lewis' case,

the very conditions of the trip, dangerous, challenging, kept him

from the suicidal despair that awaited him in the ordinary life

when he returned. But in space, the one constant of human

8. Qtmrcd m Wilham Spt'cd Wccd, "(.,m We (.;o to Mars W;rhm;t (;omg Cra;,y?"

,I)lsc'_Jl,el, May 2(101, p. _,6.
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existence--gravity--will be absent, and for this we have no long-

term data. Radiation, fire risk, and the possibility that bacteria

and virus grow differently or faster in space are part of the

unknowable risks that will be faced. Systems will fail as surely as

Meriwether Lewis' collapsible boat failed to float. Finally, like

the explorers of that century, the crews in space will be isolated

from our worldiin contact, after a lag, via virtual connection,

but unable to affect events. They will be faced with a wide range

of choices about how to negotiate human relationships.

Ethical issues may well arise, as they did for the Arctic

explorators when a member became catastrophically ill. Unlike

the recent cases of contemporary Antarctic missions, there will

be no option for return or for more than simple medical and sur-

gical interventions. Critical illness, accidents, or death may well

occur. The usual understanding of bioethics regards the medical

subject of research or in clinical medicine as a moral agent with

full autonomy. But the conditions of space travel render this con-

cept absurd--there surely will be no completely autonomous

decision-making in the space capsules. Each action will deeply

and mortally affect the lives of the others.

For such a dilemma, normative guidelines need to be

created based on an open, reflective process, one that invites

democratic reflection on the events of the journey with a full

account of the risks. Lewis and Clark returned home to crowds

of citizens along the Mississippi. In fact, their progress was

reported as front-page news. This was not only true for the U.S.

citizens, but for the Indian nations they passed through--hundreds

witnessed the journey. This open, frank, and disclosive model--
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the deep sense in the nineteenth century that the quest belonged

to each citizen and that the government was each community--

marked their journey. It is a model for us.

b. The ethics of encounter.

Of all the ethical considerations that characterized

exploration in the eighteenth and nineteenth centuries, the leading

one was clearly how to encounter the others that inhabited the

terrain--the "empty space" of the Americas, Africa, and Southeast

Asia. In the encounter with the native populations, the explorers

had to first decide the moral status of these peoples and whether

these people had the same sensibilities, duties, and rights as Euro-

peans. Locke, Hobbes, and others sought to understand whether

conscience was a feature of native persons." But the encounter

itself was fraught with inequalities. As Jared Diamond notes, the

Europeans had access to weaponry, technology, food sources,

and healthcare stability (relative to the bacterial and virally nai"ve

populations of the Americas).'"Encounters across serious differ-

ences with life forms we cannot know will he a sterling ethical

challenge, both ethically and philosaphically. We cannot antici-

pate the range of possibilities, and much of the speculation is

outside the range of ethics and into the range of science-fictional

scenarios, which have done a credible job in this realm.

9. John I c_cke, The .'_enmd Treatise _m (;m,ermnent (Prcmlctheus BCu_k_, 1992}.

10. Jarcd I)]amund, Germs, (;uns, and ._teel: The I'ates ,/'Human S,cwtws (New Yc_,k:

W. W. Norton and ('cmq_an._; 1997).
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c. The ethics of absence.

A final ethical challenge will be the converse of the issues

above. What if we encounter nothing we can detect, merely a

vast loneliness, a lack, an absence? This silence will carry its own

theological and ethical consequence. Will this be warrant for our

species? For how long? What of the idea that we merely are

deceived in our perception, that, for example, RNA-based life

forms or extremophiles we cannot detect surround us?"

2. Final considerations about the consequences of our

action--Is the telos of space travel ethical?

We are bound to think of how the moral gesture of space

travel affects ourselves; however, taking the idea of plural possible

universes seriously means taking not only our right seriously, it

means foregrounding our ethical obligations seriously. We will

have no way of knowing how we will contaminate other planets,

but the Heisenberg principle reminds us that we will alter the

other place irrevocably. In our explorations of the past, even

with our best intentions, and often without careful reflection,

our species has rendered the terrain uninhabitable. Even with the

best of intentions, we will carry with us bacteria, DNA, trash,

and our own bitter history. What we fear and what we respect

will shape our interpretation of what we see. We will step on

things, and we will take samples. If we wish to analyze and

11. Beck, pp. 105-107; Ernan McMinin, "l.lfe and Intelligence Far From Earth:

F_rmularing Theological Issues, Extraterrestrial I _tc and World V_ew," pp. 151-173;

S..J. Dick, Phlrahty of WorMs (Cambridge: Cambridge Umversity Press, 1982); Star Trek,

tile series.
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understand such samples, we will take then3 back, or we may do

so inadvertently, which may of course introduce into our world

similar contaminants, yet another ethical dilemma.

In thinking about this problem, I asked my children for

their thoughts, since, after all, it was more their problem than mine.

My nine-year-old was careful to consider this mattm; yet under-

stood it not as a matter of interest, but of obligation. "What if,"

he asked me, "we are needed? What if we are supposed m explore

space for some reason that we do not know about?"

Indeed. It is a part of our hubris to imagine we are alone,

but another error to imagine we might turn away from the task.

Can it be said that humans have an obligation m explore, not

only because of our needs, but because we might be needed?

Unlike the optimistic Jefferson, content to civilize and garden

after centuries of conflict, we fear that we will spoil a fragile

nature, or we will be unable m tame it. Jefferson and his generation

saw what they could bring to the new terrain; they were called

by what they understood as its unfinished nature. Our view of

space reflects this struggle to define its ends. Is nature pristine, is

it normative, good as it stands, or can it be used, understood,

charted, even altered, a place to repair in the sense of making it

habitable, the classic work of civilization and cultivation itself?

We carry the disturbing human tendency to contaminate to

be sure, but we also carry ideas of justice, democracy, and

human imagination. We can be aware of all that we bring,

including a crew, how it functions, and of our commitments to

diversity and freedom.

_I _
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Premises and considerations for reflection:

In previous work to justify animal research in space, NASA

created a policy for the ethical treatment of animals called The

Sundowner Principles.'-' The underlying values that emerged

from the discourse that surround the creation of these principles

are useful for a consideration of what undergirds space science

in general and which might guide the near future of space explo-

ration-respect for life and welfare of subjects, the integrity of

science, the search for social good, which implies a value of sol-

idarity with the peoples of Earth, and a broad notion of public

accountability for both the science and the ethical priorities in

space. Such considerations ought to guide how we consider the

difficult choices we must make to explore space.

The considerations:

1. Welfare and excellence of care of all of the crew and

animal subjects under the control of the Agency is the first pri-

ority of each and every project design. Research subjects deserve

our special consideration for two reasons: the first on the

grounds of essential ecological and moral concerns, such as

nonmaleficence and basic stewardship of the vulnerable, and the

second on the grounds of research respect for all subjects.

Nonmaleficence guides every intervention in research whenever

we are asking to study the behaviors and bodies of subjects, and

thus we need to care for their welfare in all respects. Since space-

12. Joseph Bcllerlskl and I aumc Zoloth, "The SunthJwner Principles: Ethical Treatment

and Fthlcal Norm_ in Ammal Expcmmcntatmn," _peech to the American Society for

Bmethics and Human|tics, I_hiladelphla, 2000. See also Sundowncr Principles, NACUC

NASA protocol_ and forms, fiw example Amc_ Space Center.
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flight creates unique and unknown stress, it is rational to ask for

a higher level of scrutiny. The increased level of trust demanded

means that we have a particular duty to advocate for human and

animal subjects in the design and review of projects.

2. Scientific endeavors shape the perimeters of all of the

work. NASA projects are guided by several rationale, but the

experiment of space travel is one is which we maintain research

equipoise and whicla crew are both explorers and research sub-

jects in conditions that may well afford society with knowledge

about physiology that creates benefits on Earth that create a

competing moral appeal in the consideration of the potential for

burdens in the research design.

It is the science that motivates the goals of the work. Good

science cannot occur if the subjects are compromised, but, if

there cannot be valid scientific experiments, then a critical pur-

pose of space travel is lost. Much of the work of space science is

directed toward the creation, manipulation, and mastery of the

new terrain. Every aspect of space habitat, medicine, long- and

short-term effects of altered gravity, of radiation, or other chal-

lenges will need both animal testing and human crew if this proj-

ect of survival and mastery of the environment is to continue. It

is the science that justifies the resource expenditures and allows

for the safe exploration of space to proceed in the most intelli-

gent and thoughtful way.

3. Space science and flight is unique in many ways. One of

the significant ways that it is important is that space research is

large, visible, and very publicly funded. However, unlike the

many other large and publicly funded projects, the public has
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historically engaged as an open and enthusiastic witness of the

space exploration aspects of the endeavor. Space research is not

simply research on unknown environments, or unknown ques-

tions-it is exploration of unknown physical territory and,

hence, draws on the oldest American imperatives. Since 1802,

with the publicly funded project to explore the Louisiana

Purchase, Americans have expected all such research to be dem-

ocratically debated, widely published, and publicly accountable.

Lewis and Clark published their letters, including letters to their

families, in national newspapers, and NASA faces a level of

interest and stake holding that is precisely similar and it is

appropriate, however difficult, and, in this way, the crew are

also public servants. Space is a part of what we hold in common,

our common stock in our future, and, hence, it is fundamentally

shared and a matter of public discourse. '_ This is appropriate--

it is how Americans expect exploration to be carried out in a

democracy, an idea as old as the idea of democracy itself, from

the Greeks--humility, veracity, courage, justice, and fidelity.

4. The discourse needs to be joined about how to make

space flee. By this I mean free in the oldest sense--of liberation

from the narrow place of restraint and domination to the large

arena of human possibilities that is bounded by a new sense of

social order, by the reality of human community, and the need

13. See, fi)r example Michael Walzcr, Spheres c_fJusttce: A Defense of Phtrahsm and I=quahty

(Basic Brinks, 199[]) or John Rawls, A Thec_ry _f/usttce (Cambridge, MA: Harvard

Umvcrs_ty Press, 1999).
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for justice. It is the Biblical metaphor of liberation from the slav-

ery of Pharaoh's Egypt, "the narrow place" to responsibilities of

the exilic journey, and it is familiar and recurrent. Such a sense

of a liberatory, possible, risky, and burdened journey mediated

the consciousness of the American endeavor from the beginning

of the American experiment. We were not merely restless, or curi-

()us, or grumpy, or cramped, we were out for justice, and for the

New Israel, fi_r the City on the Hill. How can space remain free

in this way? It is a question at stake in the news of the week as

we celebrate the fortieth anniversary of space travel--will space

be linked to an arms race? Will space be for sale, open for expen-

sive tourisnl? Can space exploration be a multinational project?

How can we negotiate such difficult and contentious issues? Are

we ft, lly committed to a model that in forcgrounding science

allows for the collaboration competition at the heart of science?

5. The exploration must be protective of our planet and

our universe. To be an ethical enterprise, the ecological aspects

of the journey must be rendered with the utmost care.

Reciprocity must undergird the scientific impulse, and humility,

with the limits of our wisdom and the power of our reach, must

temper all aspects of the task.

I think this is possible, which of course renders space travel

a moral enterprise. It is also an "authentic creation," which, as

Albert Camus believed, was our central legacy--creations are

authentic if they will exist after us. How does a society look for-

ward and assess what might be left behind? It often does so by

looking historically at other points of decision, where inultigen-

erational tasks are self-consciously begun.

.... 187



Looking Backward, Looking Forward

Considering the debates about our moral duties toward

such tasks in the first year of the second century of the common

era, 2001, it is worth remembering the arguments of Rabbi

Tarfon, of the beginning of the first. Tarfon is asked about the

permissibility of turning away from a task that one cannot pos-

sibly hope to complete personally. Can one stop work on proj-

ects that we understand we cannot complete---intergenerational

tasks, construction, world repair, or, ultimately, justice itself? He

reminds us that the task is without measure, and it can never be

finished, but neither can we turn away. The work is not ours to

finish, but the work is not ours to ever refuse to begin/4

14. Perka Avot, 2:20-2:21.
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An artist's conception of a fitture base and astronauts on Mars. This NASA intage

was produced for NASA by Pat Rawlings.

190



Future Visions fin" Scwnlific Human

Explorati_m--qim (;arum

Human exploration has always played a vital role within NASA,

in spite of current perceptions that today it is adrift as a conse-

quence of the resource challenges associated with construction

and operation of the International Space Station (ISS). On the

basis of the significance of human spaceflight within NASA's

overall mission, periodic evaluation of its strategic position has

been conducted by various groups, most recently exemplified by

the recent Human Exploration and Development of Space

Enterprise Strategic Plan. While such reports paint one potential

future pathway, they are necessarily constrained by the ground

rules and assumptions under which they are developed. An

alternate approach, inw_lving a small team of individuals

selected as "brainstormers," has been ongoing within NASA for

the past two years in an effort to capture a vision of a hmg-term

future for human spaceflight not limited by nearer-term "point

design" solutions. This paper describes the guiding principles and

concepts developed by this team. It is not intended to represent

an implementation plan, but rather one perspective on what could

result as human beings extend their range of experience in space-

flight beyond today's beach-head of low-Earth orbit (LEO).

Exploration of unknown frontiers has captivated the

human spirit since the dawn of time, and it has been suggested

that this spirit embodied the sertlement and ultimately the devel-

opment of the American continent and culture. How this con-

cept has been extended to the space environment has largely

been the stuff of science fiction, with the exception of the

remarkable voyages of human beings to the Moon as part of

NASA's Apollo Program. It is humbling to note that it has been
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more than twenty-eight years since humans have broken the

bounds of the Earth's gravity field and physically entered the

deep-space environment. Contrary to the misconceptions of

many, the human experience in the space environment beyond

the protective shielding of the Earth's Van Allen radiation belts

is limited in its entirety to the brief flights of Apollo 8, 10,

11-17. Only approximately 220 hours of extravehicular activity

(EVA) time was conducted by the Apollo explorers who visited

the lunar surface between 1969 and 1972. Given this sometimes

forgotten legacy, one quickly recognizes the extreme challenges

of safely moving human explorers "on site" within deep space.

This has posed a fundamental challenge to NASA in spite of the

spectacular and perhaps unrivalled success of the Apollo

Program of thirty years ago.

NASA has recognized the challenges of human exploration of

deep space (HEDS) and most recently formed a small team of scien-

tists, systems engineers, project managers, and biomedical experts

to develop a vision with a somewhat radical set of boundary

conditions. The challenge given to this wholly internal NASA

exploration team was to develop a scientifically driven vision,

enabled by new technologies and resource-constrained to even-

tually be implemented in an incremental fashion, rather than

requiring a large total investment at the outset. The requirement

that human exploration in this vision be driven by science and

how human beings within deep space can uniquely contribute to

the furthering of scientific progress is unprecedented. While the

human spaceflight activities planned (and underway) on the ISS

are certainly linked to fundamental scientific challenges, the
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broader scientific community has argued that tile overriding

motivation for the ISS in the first place was not as the logical

next step for conducting high-priority scientific investigations

from the vantage point of space. For example, the scientific cat-

alysts for the ISS were not linked directly to the driving science

challenges articulated by NASA's Earth and Space Science

Enterprises. Ultimately, of course, the experience with long-term

human adaptation to the near-Earth space environment and

microgravity . . . provided by the ISS is a necessary stepping

stone for humans to re-enter the deep-space environment as sci-

entific explorers.

The challenge of science-driven human exploration is to

develop the traceability from the most imposing scientific questions

to human "on site" activities that will dramatically increase the

potential for major discoveries and progress. The links between

what humans can potentially accomplish by "being there" versus

what can be achieved with high-bandwidth telerobotic presence

(i.e., vicarious presence on site by humans off site) can be simply

articulated. Our existing experience with human activities in

space suggests that human-based field studies, provided robotic

adjuncts are available to offer assistance and other infrastructure,

are uniquely "discovery oriented," making possible rapid progress

because of dynamic in-the-field responses to the local environment.

The Apollo human expeditions demonstrated a high degree of

onsite responsiveness m the lunar geologic environment, allowing

for nearly instantaneous adjustments, thereby improving the

field sampling results. In addition, humans can serve as effective

erectors and operators of sophisticated apparatus in complex
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field environments. The Apollo experience again demonstrated

the value of human-based setup of field geophysical equipment

that even today defies our purely robotic capabilities. Thus,

deriving the activity breakdown structure that optimizes insertion

of the human into the scientific process is a key element of the

vision recommendation for science-driven human exploration.

Today, humans explore deep-space locations such as Mars, asteroids,

and beyond, vicariously here on Earth, with noteworthy success.

However, to achieve the revolutionary breakthroughs that have

punctuated the history of science since the dawn of the Space

Age has always required humans as "the discoverers," as Daniel

Boorstin contends in this book of the same name? During Apollo 17,

human explorers on the lunar surface discovered the "genesis rock,"

orange glass, and humans in space revamped the optically crippled

Hubble Space Telescope to enable some of the greatest astro-

nomical discoveries of all time. Science-driven human exploration

is about developing the opportunities for such events, perhaps

associated with challenging problems such as whether we can

identify life beyond Earth within the universe.

At issue, however, is how to safely insert humans and the

spaceflight systems required to allow humans to operate as they

do best in the hostile environment of deep space. The first issue

is minimizing the problems associated with human adaptation to

I. Darnel J. Boorstin, The Dtscot_erers: A Htstory of Man's Search to Know Hts Worht and

Hmtself (Random House: 1983).
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the most challenging aspects of deep space--space radiation and

microgravity (or non-Earth gravity). One solution path is to

develop technologies that allow for minimization of the exposure

time of people to dccp space, as was accomplished in Apollo. For

a mission to the planet Mars, this might entail new technok)gical

solutions for in-space propulsion that would make possible rimc-

minimized transfers to and from Mars. The problem of rapid,

reliable in-space transportation is challengcd by the celestial

mechanics of moving in space and the so-callcd "rocket equation."

To travel to Mars from Earth in less than the time fuel-minimizing

trajectories allow (i.e., Hohmann transfers) requires an exponential

increase in the amount of fuel. Thus, month-long transits would

require a mass of fuel as large as the dry mass of the ISS, assuming

the existence of continuous acceleration engines. This raises the

largest technological stumbling block to moving humans on site

as deep-space explorers--delivering the masses required for human

spaceflight systems ro LEO or other Earth orbital vantage points

using the existing or projected fleet of Earth-to-orbit (ETO)

launch vehicles. Without a return to Saturn V-class boosters or

an alternate path, one cannot imagine emplacing the masses that

would be required for any deep-space voyage without a prohib-

itive number of Shuttle-class launches. One futurist solution might

involve mass launch systems that could be used to move the con-

sumables, including fuel, water, food, and building materials, to

LEO in pieces rather than launching integrated systems. This

approach would necessitate the development of robotic assembly

and fuel-storage systems in Earth orbit, but could provide for a

natural separation of low-value cargo (e.g., fuel, water) and
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highly sensitive cargo (i.e., humans and their associated systems

and science tools). Future mass launch possibilities, including

innovative laser levitation systems, beamed energy approaches,

and even giant sling-based systems, could deliver the insensitive

cargoes out of the Earth's gravity well at costs ultimately less

than $100/1b, opening up new launch industries and distributing

the launch requirements. Future-generation reusable vehicles

could then concentrate on high-value payloads (humans, etc.)

only and not have to carry low-value but high-volume materials

all as part of the same system.

The new vision that emerges challenges the existing paradigms

associated with ETO, in-space propulsion, as well as the types of

trajectories to be used. Today we can hardly imagine hyperbolic,

non-Keplerian transfers from Earth to deep-space destinations due

to the unimaginable fuel mass requirements and in-space propul-

sion system performance levels. However, concepts for fusion-

based propulsion could, in theory, deliver human-class systems

from Earth to Mars in as short as ten days, and innovative ETO

solutions are under study that might someday launch 1000-kg.

cargoes to LEO for less than $100/1b and store consumables

there in depots. This type of distributed approach would obvi-

ously require concerted investment and development, but, in theory,

it could facilitate shorter-duration scientific exploration missions

for humans to destinations as distant as the asteroid belt, Mars,

or near-Earth objects such as comets and asteroids.

Any vision for scientific exploration of deep space by humans

must always confront the issue of human safety and accessibility

to the environment to be explored. It may be worthwhile to send
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human explorers hundreds of millions of kilometers to Mars

orbit only to teleoperate robotic explorers on the planet's sur-

face, but that would ultimately diminish the science "discovery"

potential of humans on site. Human adaptation to deep space

requires shielding or other countermeasures associated with

space radiation, variable gravity, psychological stress, closed life

support, and telemedicine. Materials science breakthroughs, as

well as more effective space power systems, may ultimately pro-

vide the technological catalysts required. Carbon nanombes (CNT)

may deliver amazing strength-to-weight possibilities, thereby

enabling structures htmdreds of times less massive and con-

tributing to shielding for human voyagers. Quantum energy

delivery space power systems could provide kilowatts to

megawatts of reliable power to sustain human crews and to

power surface-based exploration. For example, on Mars there is

an emerging requirement to access the subsurface to regions

where liquid water may be stored. Such regions may lay hun-

dreds to thousands of meters below the surface and necessitate

complex drilling operations, all of which would require abun-

dant and sustained power, as well as human tending.

The vision for human exploration considered by the NASA

brainstorming team identified several breakthrough technology

areas for which order-of-magnitude improvements over the

existing evolutionary pace of development will be required to

cost-effectively send humans into deep space with scientific

activities in mind. Point design solutions certainly exist today

that suggest there may be other nearer-term implementation

solutions. However, if the overarching aim is to enable humans
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to conduct science operations on site in deep space, then tech-

nological breakthroughs that will have near-term robotic benefits

are clearly needed. Aside for a few breakthrough technologies,

there exists a thematically organized set of evolutionary tech-

nologies that must be matured if sustained human spaceflight

beyond LEO is to be achieved. These include closed life support,

telemedicine, information technology (automated vehicle health

and maintenance), power delivery systems, artificial gravity,

EVA systems, and human-robotic adjuncts and associated inves-

tigative sensors.

The science-driven, technology-enabled vision, as

described above, would delay ambitious human-based deep-

space exploration until sufficient technological breakthroughs

are in hand to follow the guiding principles and ground rules. As

a case example, we will consider scientific exploration of Mars

by human beings as embodied by this technology-rich vision. In

this case, a cascade of robotic forerunners integrated with NASA's

ongoing robotic Mars exploration program would demonstrate

the surface technologies and develop the required knowledge

base about Mars and its environment before humans would be

inserted on the surface. Initial human-based Mars exploration

would be tactical, making use of the wealth of reconnaissance

from precursor missions to focus on a few key sites at local

scales with very goal-driven field exploration strategies. Initial

tactical visits would be limited to six to nine months roundtrip,

enabled by a new generation of in-space transportation systems,

and involve surface residence times of thirty to forty days. These

initial scientific expeditions might resemble the ongoing field
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exploration of the Earth's polar regions in which human explor-

ers venture to a few key localities for very constrained periods of

time but study the region from safe habitats telerobotically

before conducting their optimized EVAs. First-visit human activ-

ities would be focused on highly informed sample collection,

subsurface access, and on in-the-field-based discoveries. In addi-

tion, such initial human cxplorers would naturally serve as erec-

tors of complex in situ geophysical and biogeochemical

instruments and experiments which would operate long after the

humans return to Earth. This sort of leave-behind infrastructure

would be a vital part of the first wave of local, targeted human

exploration, paving the way for longer-duration scientific out-

posts at the most promising sites. Initial visits would necessarily

involve limited EVA activities, perhaps at the same level as those

associated with the Apollo J-series missions (i.e., 7 hours per day).

Conducting in situ life-detection experiments on possibly biologi-

cally related materials assuming appropriate safeguards may also

emerge as key activities of the initial campaign of human visits.

The first wave of human expeditions would ultimately give

way to a more st, stained presence, with operations that could

resemble those at Antarctic outposts here on Earth. Most impor-

tantly, as enabling technologies mature, human access to a variety

of deep-space locations, including global access to the Martian

surface, will be facilitated. Sending tactical, human onsite mis-

sions to targets where the scientific action has been identified by

virtue of robotic precursors is an ultimate objective. In this

vision, one can imagine a series of human-tended Martian surface

drilling sites and associated astrobiology laboratories in which
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the chemical fingerprints of life are explored in situ, without the

challenges of planetary protection (i.e., associated with returning

samples of volatile materials to Earth safely, with no threats of

backward contamination). Other possibilities might involve

human field exploration of main-belt asteroids that could harbor

evidence of ancient liquid water and potentially prebiotic indi-

cators. Finally, there are scenarios in which human global access

to the lunar surface would facilitate a series of sample return

missions with which to determine the absolute chronology of the

early-time portion of solar system history, and perhaps to link it

with Earth, Mars, Mercury, and other objects.

This example vision might be viewed as an unwinding spiral

of coupled scientific and technological developments that set the

stage for an ever-increasing scope of human scientific activities at

a wide variety of destinations in deep space. Discovering the limits

of our science knowledge catalyzed by pushing the boundaries of

our technological developments would offer a rich array of

opportunities for engaging people, the ultimate customers of our

deep-space exploration. This vision is all about using technology

to dramatically amplify what we can learn scientifically and to

facilitate a pace of discovery that provides excitement, adven-

ture, and educational opportunities. By aggressively pursuing

new technologies, the potential for feedback of such technologies

into more traditional NASA programs, as well as to closer-to-home

problems, would be maximized.

As with any vision, there are recognized implementation

challenges. Moving human vehicles to Mars on time frames as

short as weeks could require masses of fuel as large as asteroids,
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if one is not careful. Mass launch scenarios that require aggre-

gation of hundreds to thousands of elements or fuel containers

are almost unimaginable by today's standards. However, it is

humbling to recall the lessons of history. In only twenty years

after the voyages of Columbus and other early Renaissance explorers

to America, Magellan and his team successfully circumnavigated

planet Earth. Where could we be in twenty years with a sus-

tained, integrated effort in which science, technology, and the

adventure of human spaceflight work together? The possibilities

are many, and what has been described here is one viewpoint

developed during the course of an eighteen-month study by a

single team of brainstormers. Our aim is to enable human explo-

ration, and this vision is hut one talc of a future that could be.

_ m
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Wllham M. Shepherd, commander of the Expedition I crew te>the International

Space Station, secures his hehnet to his Russian Sokol spacesuit during a training

exercise on 20 Octol_er 2000. NASA hnage JSC2000-E-27088.
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This conference brings back fond menmrles for me. I recall Alan

Shepard being at the Naval Academy in spring 1971 after he

walked on the Moon. That was a special moment for me because

I have always been interested in aviation. My dad was a Navy

flier in World War I1. My grandfather flew biplanes in France in

World War I. It had long been one of my ambitions to be a naval

aviator, but I found out shortly before that day in 1971 that I

didn't have the eyesight to be a pilot. So I ended up being a Navy

diver, a SEAl.. I was sitting there listening to AI Shepard talk

about his adventures on the Moon, and I was thinking I proba-

bly would never have to worry about doing anything like that.

How strange events have turned.

I bring that up because I enjoy talking to kids and making

education a very relevant part of space exploration. 1 think we

often forget what impact exploration, technology, and human

spaceflight have on the young kids of this country.

A little more personal history: I served in the Navy for thirteen

years, was selected in 1984 to go to Houston and to start training

as an astronaut. I flew three times on the Shuttle. They were very

interesting flights. The longest flight I had was ten days. Right

after that, I was asked to go to Washington for two weeks and

help as tht' Administration had changed in 1992. In early 1993,

there was a complete review of the Space Station program. We

were in the middle of trying to decide whether Space Station

Freedom would continue as a program or be canceled or be

transformed into something else. So ! had a lot of time in

Washington working on how we would convert Freedom into

something that was more feasible. At the end of that period, we
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got the Russians involved, which seemed politically to be a really

good idea. One thing led to another, and, in 1995, I was asked to

go to Russia and start training with another Russian cosmonaut,

Sergei Krikalev, to be on the first human crew to the ISS.

So in early 1996, I started training in Russia and basically

spent almost five years with Sergei and another Russian cosmo-

naut, Yuri Gidzenko, who is a colonel and a fighter pilot in the

Russian Air Force. We trained, and, finally after four or five

major delays, lots of slips and slides, we launched last October

[20001 and flew what was called the first expedition to the ISS.

We launched from Baikonur on very much the same rocket

that put Yuri Gagarin into space, pretty much an R-7 Russian

booster. I was very impressed with the ride. It was very much like

the Space Shuttle, very smooth. We lived on the International

Space Station for 141 days. At the end of that period in March,

the second expedition crew took over. A Russian and two

American astronauts are up there now, Yuri Usachev, Susan

Voss, and Jim Helms, and flying on the Space Station as we

speak. So it was a real privilege to lead the charge, making the

ISS a reality.

What I really want to talk about is not so much what we

did, but what it all means. As the station is taking shape in orbit

now, I think it might be easier to see not only what the issues

were on its past development, but some of its future purpose.

To start off, it might be interesting to consider what differ-

ences and even similarities there would be between ISS as it is

flying right now and a human expedition to Mars. So I'd like to

touch on some of the ISS program lessons that are applicable. I think
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that a human expedition to Mars is going to be characterized by

several broad themes.

First, it is going to be international. I do not believe that any

single country has the financial resources, the technical know-hog;

or even the political will to carry out a large and costly exploration

program to Mars or even back to the Moon. I think anything that

we do in the future will be broad in scope and will be international

in character, much as the partnership that's been formed to build and

fly the station right now. The station partnership is certainly not per-

fect. It's got a lot of bumps on it, and we have had many tough

times with our parmers. Even today we're doing a lot of arguing,

but the job is getting done, and I think it's a model for how we might

do things in the future. It's not a perfect one, but it is functional.

Secondly, an expedition to Mars will be characterized by

things that are big and heavy. I think that the vehicle that flies to

Mars will be at least the size of the ISS and probably several

times bigger. We need this because we have to have something

that's very robust and self-sufficient. I think the crafts that we

will see going to Mars are going to be too big to be put up by

the current stock of expendable boosters or by the Space Shuttle.

This is because we cannot afford to have a vehicle or a fleet of

vehicles that are assembled in orbit that take thirty or forty

launches. We have got to do this in a way that involves less risk

and allows us tit have better test and checkout on the ground as

these large pieces are sent up into space so that the verification

and integration job in orbit is not as large.

So risk, time, expense, and these checkout requirements arc

all going tit favor putting large spacecraft on very large boosters
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and trying to get them into low-Earth orbit with a minimum

number of launches. It is clear that we do not have that capability

today. The expedition to Mars, regardless of how cleverly we

design things, will be made up of a vehicle or a fleet of vehicles

that will be assembled in orbit. Regardless of the technologies

that we use, the vehicle that we would send to Mars would be

very complex and will require the spacewalking and the robotics

techniques that we're developing and proving right now on the

ISS. There just is not any way to get some of the larger systems,

particularly things like thermal systems or solar panel systems,

completely checked out on the ground. We have to be able to

assemble and perform such checkout procedures in orbit.

Third, expeditions to Mars also are going to need more

power. We probably will not put humans on Mars transfer-trajec-

tory using the energy for propulsion that would come from

chemical sources. I am not sure that we will even be able to sat-

isfy the ship's own energy needs with solar power or chemical

reactions. Once we get to a place where we want to go, whether

it is the Moon or Mars, we won't be able to do mining, in situ

exploration of resources, efficient recovery, or manufacturing

without large amounts of energy. We will need [notl only energy,

but high power levels. To me, all these things say that the

enabling technology to make this happen is going to involve

some form of nuclear power.

Missions to Mars are going to need more speed. We need to

cut down the transfer times to get humans and cargo to Mars and

back. In order to do this, we have got to find propulsion schemes

that are more efficient than the chemical rockets that we have now.
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We are going to look for these types of engines that have to have

both high thrust and high efficiency or high specific impulse.

Fourth, vehicles that go to Mars will be different from the

vehicles that we fly today in space, because they will need to be

highly autonomous. A Mars mission is going to have significant

comnlunications delays. Additionally, the trajectories to send

vehicles to Mars do not lend themselves readily to good abort

trajectories where we can get humans home quickly.

What this means is thc crew onboard is going to have to

manage and control what they are doing with not a lot of real-

time help from the folks on the ground. It also means that the

vehicles that we build arc going to have to be survivable. We

cannot put Soyuz capsules on this kind of vehicle and expect

them to be able to get people home. We have to build spacecraft

more like we build ships, where they can sustain some kind of

damage from combat or some other catastrophe and still carry

on. We cannot depend on mission control in either Houston or

Moscow to keep turning things on and off all day on the station,

because the awareness of what's happening on the ground is

going to be 20, 30, 40 minutes behind what's really happening

in space. All these factors indicate that the manner in which we

are not only going to design but operate these vehicles is going

m be quite different than what we are doing right now.

The last thing that I think is going to characterize a mission

is that the environmental systems are going to look a lot like

what you have on Space Station now. The Russians have done a

pretty good j_b of closing off some of the environmental loops

on their Zvczda module. Their equipment works very well and
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is very robust. It is a pretty well thought-out system. I think for

missions up to six months, certainly a year, the kind of environment

that we have right now on the ISS is a livable and workable place

for humans.

If you include the other factors that I mentioned in trying

to go to Mars and do exploration there, I think it starts to be

within the grasp of what we could reasonably expect humans to

be able to do. There are probably a lot of other questions to consider

in relation to a human Mars exploration program, but 1'il give

you just some of the ones that I think about at night.

The big one would be: What should the structure of a large

international partnership for exploration be? How will it be con-

trolled? How will it be managed? I think the issues that we have

had recently with the Russians as partners in the ISS of flying

Mr. Tito show that we have not worked out all the bugs in the

present International Space Station partnership about what parmers

are entitled to and how decisions are to be arrived at by consensus.

We will have to get better at doing this.

Another question is how will high-energy density power

plants and propulsors with high efficiency be developed? How

will they be tested? Can we do this on orbit? How will a robust,

reliable, maintainable, yet survivable spacecraft be designed,

knowing that it diverges significantly from how we design here

right now for work in space? How will the necessary political

will be mobilized to carry out such a program?

One of my favorite questions relates not to technology per se,

but to culture. Are we open to the necessary changes in our technical

culture here in the United States, here at NASA, here in the ISS
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program, that will enable these other questions to be answered

and These changes to be made? It is not just a question of adap-

tation at NASA or in the U.S. parmership for ISS, it's all the part-

ners. It's the Russians, the Canadians, the Japanese, all the

members of European Union, the Brazilians, and so forth. We

have to do a much better job of trying to duplicate some of the

efforts of the North Atlantic Treaty Organization to standardize

military systems. We need standardized interfaces, components,

and designs for space systems. We don't even have a coordinate

system that everybody agrees upon as to how to lay a vehicle out

and design it for space. We have a Russian system and a U.S. one,

but we don't have a standard system.

We do not even have a standard w)cabulary, let alone a

standard understanding of even how we do the mathematics, the

computer algorithms, the intricate computations that are neces-

sary to guide vehicles through space. We think we understand

each other's approach, speaking about the U.S. vis-fi-vis Russia,

but we have not converged on what we consider to be the opti-

mal procedures. So I think something along the lines of the

NATO experience is essential as a precursor to getting this

exploration program done.

There are also some important issues regarding political

will. I think The day is coming soon when people will he very

interested to understand why the Space Station costs what it

does. 1 don't think the question about Space Station or space

exploration is really one of cost, but rather of value. People need

to see a good return on what we've invested in space. They need

to see that there is value present in what we are doing.
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The ISS is hopefully going to do that in spades when we get

more capability in orbit with our laboratories. But already you

can see that commercialization of space is going to be a funda-

mental imperative. I think NASA is going to have to work hard

soon at showing that the ISS has very strong commercial value.

I believe also that the role for astronauts, government

astronauts, folks at NASA, my colleagues, is not really to do rou-

tine operations in low-Earth orbit anyway. We are the folks who

need to go build the infrastructure. NASA should make plans to get

out of the routine operation business in low-Earth orbit. We

should let the marketplace drive that. As was the case in our own

country with opening the West and laying rails coast to coast, the

government helped facilitate putting down the infrastructure,

and we let commerce proceed. I think space exploration will take

place the same way. NASA needs to be the risk takers or the under-

writers, and, once that era is over, we need to let commercializa-

tion proceed. Our business at NASA should be exploration.

So what are the problems? We've discussed many ideas. Some

are well within reach of solution, while others are not. We've

talked about commercialization. No one really knows well yet

how to do it with the ISS, although we're heading in that direction.

We have talked about standards and the need for stronger

ones, discussing how we merge all these partner nations into a

joint international enterprise. I contend that we have done a par-

ticularly poor job of capturing the design philosophy. Why is the

ISS or the Space Shuttle, or any rocket for that matter, built in its

own specific way? Why didn't we put this filter over here? Why

didn't we pick another type of fan to put in here? Why are the
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fuel lines or the fuel tanks for the rocket shaped in a particular

way or made out of any kind of material? These aspects of devel-

opment reside within U.S. contractors, but we are very poor at

grasping the essence of why these decisions were made and cat-

aloging them so people who come behind who have to do this

job again can learn from these developments.

We talked a lot about having autonomous systems. We need

to develop some type of pilot adw_cate, a high-lcvel computer system

that can logically run complex systems. But before that, probably

the first step that we need to tmdertake is to decide on a common

language, a common computer application, that will enable us to

model complex systems to provide the necessary data fi)r the human

interfaces and displays, and to huild and drive those displays.

We need to work on higher energy systems and nuclear

power. I was over in Russia in 1995 at the Institute of Thermal

Processes, where Sergei Korolev worked in the 1930s. We were

over there looking at possibly adding a solar dynamic generator

to the ISS. It was going to be a carbon block through which a gas

flow led to a turban, and the carbon block was heated by a big

parabolic reflector. The Russian engineers had a big chart on the

wall, showing that this was going to be about a 10-kilowatt sys-

tem with an exponential development growth. I said, "Can you

guys say what the heat source is going to be for this system?"

They said, "Well, of course. It's going to be nuclear." So l think

the technical ability m do this is certainly right around the corner,

and the Russians clearly have bccn thinking about this as well.

We also need to figure out how to energize a plasma by creating

some type of electric-propulsion device that can both push very
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hard on an object with high thrust and also have very high

exhaust velocity so it is very efficient. We are working on these

types of technologies right as we speak in Houston at the

Johnson Space Center. It is very possible that before too many

years are out, this technology will be utilized to alleviate the ISS's

drag. The ISS has a drag on it of only a couple of ounces, but this

causes it to come down a couple hundred yards every day in its

orbital decay. A highly efficient propulsion source could oppose

that drag with a small amount of continuous thrust. This would

keep the ISS from falling out of the sky and would significantly

reduce our need to fly fuel up to re-boost it. This is important

because when the ISS is fully assembled and weighs on the order

of 500 tons, we're going to fly something on the order of 10 tons

of propellant up to it every year to re-boost it. With a system

such as this, that goes down by a factor of ten. We could have

around a ton of hydrogen gas, but xenon might be a better gas

that can be used in this plasma engine to propel the station and

solve this re-boost requirement. This is a direct precursor of the

kind of technology that will be useful to push crew transport

vehicles to Mars.

There are a lot of other questions that have to be answered.

We've got to go after closed life support. The Russians are work-

ing hard on this. They've got twenty years of experience base on

Mir, and what they've put on the ISS right now is doing a good

job of partially closing some of the gas and water loops. But we

haven't totally solved such problems.

1 think the biggest single issue in addressing any of the

problems that I have mentioned is we do not have a way to mar-
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shal the adequate academic and intellectual resources in this

country to solve these problems. So I would suggest that the

country take a look at some of the national educational institutes

that we have in the military. There are eight or nine of them--

The National War College, Industrial College of the Armed

Services, and so forth.

We need m have a National Space Institute that has some

kind of Federal Charter. Its purpose would be to make available

the intcllectual resources necessary for the human exploration of

space. It would have this as a single purpose, it would bc a place

where the appropriate knowledge, the experience, and the intel-

lectual energy could be focused on this single goal. It would have

the status of other national colleges. It would also be a virtual

college or a university, and it would bc collaborative with col-

leges and universities and other learning institutions all across

the country and perhaps the world. Experts on space from

almost any corridor could participate and contribute to what

this institute would do.

It also would have very strong business participation. We

would have folks from industry come to this environment, learn,

go back and work, and then conic back and teach. It would be

a means for individuals to become morc proficient in the technical

engineering operations, as well as the business and political

aspects of space exploration. Such a national space institute also

would need to establish and maintain close contact with ongoing

development and operations in human space programs. Now

this needs not to be somc intellectual outpost well away from what's

happening, but rather needs to bc in the center of the mix. I think
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this would probably be the most direct way to address the many

technical, political, and cultural problems that I've mentioned.

In closing, my experience in space has led me to believe

most strongly that all these issues can be addressed successfully.

Sure, there are problems, but I think we are well on our way to

finding the necessary answers, at least to enable human explo-

ration back to the Moon and probably to Mars. It's just a question

of marshalling the intellect and the will to go do it.

Should we have a clear policy at a national level to go

make this happen? It is certainly something that can be carried

out by the people who are in the field right now.

One hundred and forty-one days in space. I came back

from my tour on the ISS thinking that spending your day looking

at the surface of Earth is very enjoyable, a paradise as Mr. Tito

says. Nevertheless, 1 really think that we should expand our

vision by looking at the surface of other planets in this solar system.

I am convinced that we have the means to do so.
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Nell de Grasse Tyson

Neil de Grasse Tyson was born and raised in New York

City, where he was educated in public schools clear through his

graduation from the Bronx High School of Scicnce. Tyson went

on to earn his B.A. in physics from Harvard and his Ph.D. in
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astrophysics from Columbia University. Tyson's professional

research interests arc varied, but they primarily address problems

related to star formation models of dwarf galaxies, exploding

stars, and the chemical evolution history of the Milky Way's

galactic bulge. Tyson obtains his data from telescopes in

California, New Mexico, Arizona, and in the Andes Mountains

of Chile. In addition to dozens of professional publications, Dr.

Tyson continues to write for the public. In January 1995, he

became a monthly essayist for Natural History magazine under

the title "Universe." Tyson's recent books include a memoir entitled

The Sky is Not the Limit: Adventures of an Urban Astrophysicist,

the companion book to the opening of the new Rose Center for

Earth and Space; One Universe: At Home in the Cosmos (coau-

thored with Charles Liu and Robert Irion); and a playful Q&A

book on the universe for all ages entitled Just Visiting This Planet.

Tyson is the first occupant of the Frederick P. Rose Directorship

of the Hayden Planetarium, and he is a visiting research scientist

in astrophysics at Princeton University, where he also teaches.

Charles D. Walker

Charles D. Walker is a director of marketing fi)r the Boeing

Company's Space & Communications office in Washington, DC. In

the early 1980s, he flew on three Space Shuttle missions as the first

industry-sponsored engineer and researcher. His work as Payload

Specialist astronaut on those missions included low-gravity

purification of biomedical preparations and protein crystal growth.

Programs on which Walker has worked include the Space Shuttle

and the International Space Station. He has been involved in space
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systems engineering design, development, and operations plan-

ning through NASA, industry, and other organizations. Walker

previously worked for the U.S. Navy in manufacturing and with

the U.S. Forest Service in engineering and as a fi_rest fire fighter.

Walker serves on the boards, and as an officer, of numerous non-

profit and educational groups including the Challenger Centers

for Space Science Education, the Association of Space Explorers,

and the National Space Society. Hc received degrees in aeronautical

and astronautical engineering from Ptwdue University.

Mary Ellen Weber

Mary Ellen Weber has most recently worked with a venture

capital firm to identify promising areas of space research and related

companies for investment. Previously sht was the Legislative

Affairs liaison at NASA Headquarters in Washington, DC. She

has served on a team designated to assess and revamp the Space

Station research facilities. Dr. Wcbcr's principal technical assign-

mcnts within the Astronaut Office have included Shuttle launch

preparations at the Kennedy Space Center, payload and science

development, and development of standards and methods for

crew science training. Dr. Weber was selected by NASA in the

fourteenth group of astronauts in 1992. Her most recent mission

was STS-101, the third Shuttle mission devoted to International

Space Station construction. Her first mission was STS-70; on this

mission she performed biotechnology expcriments, growing

colon cancer tissues. Dr. Weber was born on 24 August 1962 in

Cleveland, OH; Bedford Heights, OH is her hometown. She

graduated from Bedford High School in 1980; received a bachelor

m
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of science degree in chemical engineering from Purdue University

in 1984; and received a Ph.D. in physical chemistry from the

University of California at Berkeley in 1988. She has received

one patent and published eight papers in scientific journals. Dr.

Weber has logged over 3,300 skydives since 1983. She was also

in the world's largest freefall formation in 1996, with 297 people.

In addition, she is an instrument-rated pilot.

Laurie Zoloth

Laurie Zoloth is a professor of ethics and director of the

program in Jewish studies at San Francisco State University, and

is the incoming president of the American Society for Bioethics

and Humanities. In 2000, Professor Zoloth was a visiting

scholar at the University of Virginia in the department of religion

and the Center for Medical Ethics. She is also cofounder of the

Ethics Practice, a group that has provided bioethics consultation

and education services to healthcare providers and systems

nationally, including the Kaiser Permanente System, five Bay

Area medical centers, and regional long-term care networks. She

is a bioethics consultant to NASA Ames Research Center and

NASA's Interagency National Animal Care and Use Committees.

She received her B.A. in women's studies and history from the

University of California at Berkeley, her B.S.N. from the

University of the State of New York, her M.A. in English from

San Francisco State University, her M.A. in Jewish studies, and

her Ph.D. in social ethics at the Graduate Theological Union in

Berkeley. She has published extensively in the areas of ethics,

family, feminist theory, religion and science, Jewish studies, and
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social policy, and has authored chapters in twenty-three books.

Her book, Health Care and The Ethics of Encounter, on justice,

health policy, and the ethics of comnlunity, was published in

1999. Her current research proiects include work on both the

ethics of ordinary life and emerging issues in medical and

research genetics. In 2000, the National Institutes of Health

awarded her an Ethical Legal and Social Issues of the Human

Genome grant to explore the ethical issues after the mapping of

the human genome.

Robert Zubrin

Robert Zubrin is the founder and president of the Mars

Society, an international organization dedicated to furthering the

exploration and settlement of Mars by both public and private

means. He is also president of Pioneer Astronautics, an aerospace

R&D company located in Lakewood, CO. Formerly a staff engineer

at l,ockheed Martin Astronautics in Denver, he holds a master's

degree in aeronautics and astronautics, and a Ph.D. in nuclear

engineering from the University of Washington. Zubrin is the

inventor of several unique concepts for space propulsion and

exploration, the author of over a hundred published technical

and nontechnical papers in the field, and was a member of

Lockheed Martin's "scenario development team," charged with

developing broad new strategies for space exploration. In that

capacity, he was responsible for developing the "Mars Direct"

mission plan, a strategy which, by using Martian resources,

allows a human Mars exploration program to be conducted at a

cost l/8th that previously estimated by NASA. He and his work
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have been the subject of much favorable press coverage. He has

been featured in numerous television documentaries. Zubrin is

also the author of the books The Case for Mars: How We Shall

Settle the Red Planet, Why We Must Enter Space: Creating a

Spacefaring Civilization, and First Landing, which was published by

Ace Putnam in July 2001. Prior to his work in astronautics, Dr.

Zubrin was employed in areas of thermonuclear fusion research,

nuclear engineering, and radiation protection.
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